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PREFACE TO THE SECOND EDITION. 



Thb tliree years which have elapsed eiiice the pub- 
lication of the first edition of this work have been 
years of great activity of thought on many of the Bob- 
jecte treated therein. Some changes and additions 
seemed therefore imperatively called for. 

For example : There haa sprang np reoendy among 
the foremost writers on evolution a warm diecnsaion on 
the Jaetore of evolntion, their number and relative im- 
portuice. I have therefore added a chapter (Chap. Ill, 
Part II) on this subject— not, indeed, to discuss it fully 
(for this would be impossible in the limits of a chapter), 
but to put the mind of the reader in position to nnder- 
stand it and to judge for himself. 

Again : Every reader of the first edition most have 
remarked that there are many fundamental reKgious 
questions which I have not touched at all in Part IIL 
I had avoided these because my own mind was not yet 
fully clear. I r^arded what I then wrote as only a 
little leaveu in a very large lump. I was willing to 
wait and let it work. In the mean time it has worked 
in my own mind, and I hope in the minds of others. 
1 have therefore added two chapters to this part. In 
one I simply carry out to their logical consequences 

134238 
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iv PREFACE TO THE SECOND EDITION. 

the doctrine of the Divine Immanency. This brings 
np the qnestioiiB of First and Second Ccmsea ; of 
General and fecial Providence ; of the Nai/wal and 
the Supemahvral ; of Mmd va. Mechanics in Natwre, 
etc., and showa the necessary changes of Tiew which 
are enforced by the theory of evolution. 

In lie other I take up very briefly " Th^ Helaium 
qf Eool/uiiion to the Doctrine <^ the Chrigt." In the 
diBcneeion of this I restrain myself strictly within the 
limits of the subject as stated above. 

The only other important changes are in Chapter IV, 
Part III, " On t/ie Relation of Man to Nature" As I 
regu^ this as the most important chapter in the whole 
book, I have endeavored still further to enforce my 
view of the origin of man's spirit, and especially to 
make it clearer by means of several additioiud illustra- 
tions. 

JosEFH Le Contb. 

r, Cal., <n% 1, 1891. 
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PREFACE TO THE EIRST EDITION. 



Thk Bobject of the following work may be expressed 
in three gnestions : What is evolution i Is it troe 1 
What then ? Sorely, there are no qneationB of the day 
more bomiDg than these. Much has been written on 
each of them, addressed to different classes of minds: 
some to the scientific, some to the popnhir, and some to 
the religions and theological ; bat nothing has yet ap- 
peared which covers the whole gronud and oonnectfi 
the different parts tc^ther. Mach, very much has been 
written, especially on tlie nature and the evidences of 
evolntion, bat the literature is so ToIuminooB, much of 
it so fragmentaiy, and most of it so technical, that even 
very intelligent persons have still very vague ideas on 
the subject. I have attempted to give (1) a very con- 
cise account of what we mean by evolution, (2) an out- 
line of the evidences of its truth drawn from many differ- 
ent sources, and (3) its relation to fundamental religious 
beliefs. I have determined, above all, to make a book 
BO small that it may be read through without much ex- 
pense of time and patience. But the subject is so lai^ 
that in order to do so it was necessary to sacrifice all 
bat what was most essential, and to forego all reduu- 
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vi PREPAOE TO THE FIRST EDITION. 

dajicy (the bane of so-called popular Boienoe) even at the 
riak of baldness and obscarity. Nevertheless, I liope 
that the first and second parts Trill be found not oidy 
interesting to the intelligent general reader, hot even 
profitable to the special biologist. I have tried to 
m^e these parts as untechnical as poesible, bnt I 
hope not on that account the lees scientific. For I am 
among those who think that it is not necessary to be 
superficial in order to be popular — that aciaice may be 
adapted to the intelligent popular mind without ceasing 
to be science. 

The third part seems to me still more important just 
now. There is a deep and widespread belief in the 
popular mind, and even to some extent in the scientific 
mind, that there is something exceptional in the doe- 
trine of evolution as regards its relation to reli^ons 
thought and moral conduct. Other scientific theories 
have required only some modifications of religions con- 
ceptions, bnt this utterly destroys the possibility of all 
reUgions belief by demonstrating a pure materialism. 
Now this, I believe, is a complete misconception. 
Thinking men are fast coming to see this ; some, in- 
deed, have mistaken the change for a reaction against 
evolution. It is a reaction not against evolution, but 
only against its materialistic implication. Evolution is 
more and more firmly established every year. The tide 
of conviction is one which knows no ebb. Some clear 
statement, in brief space, of its tme relation to religions 
thought seems, therefore, very important at this time. 

BsuiLii, C^i_, M^, 1887, 
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CONTEIJfTS. 



PART L 

irSAT IS EYOLUTIOSl 
OHAPTBB I. 



A typt of evotuUoB — Derelopmeat of kn tgg ... , 

Umvertaliig of meliOion — Perviiden &I1 nsture and ccncema all do- 
pHrtmeaU of thougbt — One half of all Bolenee — Illuatrated (1) 
by human bod;, (2) by Bol&r sfBtem, (S) by todety, (4) by «artfa, 
(0) by oi^anic kingdom — The term eTolutian nsusUy, but not 
rlgbtly, confined to thU last 

D^iiiim o/tv«liMon — /. Prt^ratim thcmgt — Sbown in the animal 
body, or As Oniogaiie seriefl — In the aoinul BC«1e, or the Taxa- 
nonde series — In the geological, or PAylogenic Mriea — The time 
■eriee timilar, though not identical 

n. Change aeearditig to certain Jam — Three UvB ot fluooeidon of 
orgauio forma 

(a) Laa of diftrentiaiiim — Early forma are generalized; aftenrardB 
wpartited into ipecialized forma — Uluatrated by fiahea, by birds 
— Whole process of differentiation illustrated by growth and 
branching of a tree 

(h) LmB ofprogrett o/ihe wAob— Uiitake of eontoonding evolution 
with upward progress — How far true, and how far false — II1d»- 
trated by branching tree — Exsmplea of thii mistake in the 
popular mind — In the sdentifie miad 

^ Zaa of eyeiieal moeemmt — Shown In geological history — Age of 
mollusks, Sshes, reptiles, mammala, man — Illoatrated again t^ 
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a bnucblDg tre« — lacrMdiig complexly m well u beCgbt — 
lUnetnited by diagram 

7A« about three Utat art lava of evolvtipn — Differentiation — Bhown 
in the derelopmeut of an e^, the type of evolution . 

Progrea of tht vhole — Not progresB of kll ports — Sbown in the de- 
velopment of an egg 

Cydical movtment — Less fundamental than other two — Shown in 
Ontogeny of body, of mind — Inoreasing complexh; — Neoeesitj 
of conUnued advuice — Othenriae deterioration — All theae Uwa 
Bhown In pn^resB of Bodety — Differentiation shown — ProgreM 
of the whole but not of all parta shown — Cyclical moTemest 
sbown — In social evolution, however, there is another elemeht, 
viz., conadouB voluntary progress — This kind of evolotlou con- 
trasted with the other : 

HI. Ckaoffe by tmani of retiderU foreet — This is the point of dis- 
pute — Sense in nhidi we ase term resident forces — Does not 
tODi^ question of ori^n of natural forces . . , . ' 

IR« tKO vitm of the oriffin of on/anie form briefly eontnuud—Aa 
to whether natural or supernatural — A» to variability, definite 
or indefinite — As to change from one spedcs to another by 
tranamuta^on or substitu^on — As to onjverulity of law of oon- 
tinuity 



Oeneral mlaunderManding on this aubjeot — Necessary to give sketch 
of hiatory of the idea — Greeks, Lucretius, Swedenborg, and 
Eant — first sdentifio presentation by Lamarck — General cbar- 
acter of Lamarck's views— Fuled. and rightly so — Neit, Cham- 
bers's " TesUges of Creation " — Its general character — Failed, 
and Hgbtly so— Some tblnk this unfortunate — Why not so — 
An obstacle must be removed and a basis/lald ....'• 

J7u ohtade removed — Old views in regard to forces — Correlation of 
forces established — But vital force considered exception — There- 
fore living forma also supposed eiceptlon to mode of or^^io of 
other forms — Then vital forces also oorrelated — Therefore, s 
priori probable that living forms also correlated with other 
fonna as to mode of origin — Tbus obstacle removed . . . '' 
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ie batit laid — Aga«ali \M Induotive bani ot eToIotion, tlthougb he 
Tftnaed to build — He eEtablished the Ibwh ot erolatioa and per- 
fected the metbed ot compariBoa — Importance of method dis- 
cussed — The method of notation — The method of eipetiment — 
The diScultj of applying these to life phenometm — Method of 
comparison shown — (1) In TtaODomic series — (2) In Ontogenio 
series — (3) In Fhjlogecic series — Carier the great worker bj 
comparison in the Taxonomlc series — Agassit in the Ontogenio 
and Pbjlogenio — Agassiz also established the three laws of ero- 
lutlon given in previous chapter — Thus he lud foundation — 
Why he did not build — Supposed identity of erolution and mt- 
terisUsm — The obstacle being removed and the basis laid, when 
erolution t^Eun bioagbt forward it was univerBally accepted,- 
because the world waa prepared — Place of Agusiz and Darwla 
oompftred — Formal sdence v>. pfayeical sdence — Illostrated bj 
reladon of Kepler to Newton — Relation of Agassiz to time cos- 
mos ^mllar to that of Kepler to space cosmos — So Darwin to 
Kewton — Some reflections on the abore— Oraritation Is the law 
of space cosmos — Evolution of time cosmos — Of the divine 
spbetal inmic gniTUation is the chorda! harmony and evolution 
tbe inelo^ 8 

PART n. 

EVIDENCES OF TEE TRUTH OF EYOtUTIOW. 
CHAPTEK I. 



Aw&ifion in totitinuUff, eautal rdation, graduai becoming — Increa^ng 
acceptance of this Idea— First accepted for inorganic forms, 
tnount^ns, ootttinents and seas, rocks and soils, earth as a 
whole, heavenly bodies— Therefore acknowledged for all inor- 
ganics — Influence of geology hi bringing abont this change — 
Organic forms : acknowledged for individuals, lioe for classes, 
orders, families, genera — Races and varieties also formed gradu- 
ally — Artificial species formed gradaally — Examples of gradual 
changes in wild spedea — Hyatt's researches — Other examples 
—Bumming up of general evidence — SufSdent ground for induo- 
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doD — Bnt erolutioD Is not oolj induotirely probable but eeirUia, 

axiomatic — It is the law ot causation applied to fonoB, and 
tberelore & neoeasar; truth 



Introdadory. 

BpteitU proo/i lucemary — Evolution, though certain, is not yet M- 
oepted b; the popular mind — Different departments from wliioli 
proofs are drairn < 

Origin of tuu orgaitie formt ; tie old vittc hrUflj/ jtaterf— HecwBary 
to give a brief BlatemeiU of theories— Old view— Permanenoj 
of spedfic tjpes — Supernatural origin of spedes — Centera of 
creatJiHi — Explanation of facte of geographical distribntion — 
Ot geological distribution — HodiScation of extreme view — 
Variability, but nithin limits — Illustrated . . . . i 

The new «e» briejly ilaltd — Indefinite variability of otgaaic forms — 
Effect of eDYironioent on rigid forroa — On plastic forms — Taxo- 
nomlc groups represent decrees of kinship . . . . ' 

Fadon ofevokUiim — (1) Physical environmeot — (S) Use and disuse 
of organs— (3) Natural aelection— (4) Sexual selectbn— (B) Phjsl- 
olo^cal selection — Its necessity shown — Its operation explained 
— Compared witb natural seleotioo — Cause of variation unknown 
— ExpioDation of this is the next great step in the theory of 
evolution 

CHAPTEB TIT. 



Faiian of etoiuHoit retiaUd; Iheir gradet and the order of their inlro- 
diietitia lAoun — Lomarckian factors, first in order because they 
precede sexual reproduction — (1) Enviroitiaeat — (2) Use and 
disuse— With seiual reproduction selecSve factors introduced 
— (8) Natural seleotion — (*) Physiolopcal selection — (6) Seiual 
selection — With man was introduced (S) the rational factor — 
In tbis process two striking stages — viz., the introduodon of 
sex and the introduction of reason — Eflect of each to hasten the 
steps of erolutiou — The last by far the greater change ■ . 
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(hninul btlween orffonie and hrmtait mohtlvm — (1) The mesoing of 
term fittat in each — (S) Destiny of the veaJc and helpleu in 
eadi — (3) The nftture of eralutjonary trtLDBfocmation in esob 
—{i) The l»w of atrait and narrow way applied in each— (B) 
Honuui evolution is a different kind and on a higher plane . 6S 

ApptieaUon to tome qualioia of the day. 

I Neo-Darvinista, their position explained — Reasons for dissenUng 
— (a) Lamarckian factors preceded all others — (fi) Thou^ now 
Eobordinikte, they still underlie and condition all other factors — - 
[e) Shawn by i)ompari«oa of phylogeny with onic^eny . . 92 

n. Human progress not identical with organio eTolution — Uistake 
of the materialists — But ndther is it nhoUy different, as some 
suppose B6 

m. Neo-Darwinism is fatal to hopes of faunua progreu — Reason 
may use freely Iiamarckian faotora, but can not use natural 
selection in the same way aa Nature does . . . . .97 

CHAPTER IV. 

EFECIU, FBOOTS TBOU TBS OBHEBU, L^WS OT ANDIAL BtBCCtDBI, OB 



Qenertd Prineijlm. 

Analogy aftd homology — Defined and illustrated by examples — Wngs 
and limbs — Lungs, gradual formatioa of, traced in the Taio> 
nomio series — Traced in the Ontc^enic series — Examples of 
homology in plants : tuber, eactos-leaf, acada-leaf — Definitions 
repeated and farther explained — Common origin is the only ei- 
planaUon of homology 

Primary divitiota of the euiimal kingdom — True ground of such divi. 
siODS is ability to trace liomology—We take examples only from 
vertebratSi and articulata — Compare to styles of architecture — 
To machines — To braoobing stem . , . . . . 1 

CHAPTEK V. 



Comnum general ;>2an — In several respects — Strongly suf^estive 
of common ori^n — Details of structure demonstrative of tha 
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Special homology of vtrtiirate KmU IIS 

^ore4imbf—Compa,Twoa of fore-liraba of nunntaaU, birds, reptiles, 
and flshcfl, part for part — Gradaal diangea in collar-bone and 
coraoold — In poaition of elboir— la boaee of foraano — In posi- 
tion of wi4at — In the tread — The tann manna — Number of toea 
— UodificatioaB for flight in Tarioua animals — For animming in 
nbalea and flshea 118 

Bind-iimbt — Comparisrai of hind-limbs of sereral mammals — FobI- 
tioD of knee— Of heel — Plantigrade and digitigrade — Degrees 
of the latter — Number of toes — General law in regard to num- 
bei of similar parts — Order of to»4lropping in artiodactjles — 
In perissodactjles 121 

Omam of tht hone — Changes in foot-structare — Same trae of other 
parts of skeleton — Only natural explanation is deriration — Na- 
ture compared with man in mode of working — Angela — GrifBna 
^4]entMUS — UnBcnlsr and tterrous sjsteou — Tiacecal organs . ISfl 

CHAPTER TL 



Bladraiiotu from tkU type — Plan of strarture entirely different — 
General plan of structure explained and modifications shown — 
Shrimp — Modification of s^ments and of append^es for Tari- 
oue purposes: swlmniing, walking, eating, sense— lUuatrated 
by other crustaceans — By mjriapods — By marine worms — 
Crabs— Em bryonie development of crabs — Inseots — Uodifiot- 
tion of segments and appendages — Houth parts of Insects , 1: 

JButtralu/n of the laa of differtnliation — Cells — Segments — Individ- 
uals— Homologies In other departments of animals, but these 
are less familiar — Between primary groups, homology imtraoe- 
able in adult forms — But these also probably connected by com- 
mon origin — Different views aa to orif^ of vertebrates . . 1' 

CHAPTBH TH. 



BtteaAlanoe of tht three teritt — Frog, in Ontogeny passes through 
main stages of Taxonomy and Phylogeny — Resemblance only 
general — Uany steps dropped out in Ontogeny . . . . 1 
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(1) CMogmy of taSUtt an^thibiatu — The frog: fisb stage, p«reniil- 
branch stage, cBdaoibnnch stage, aneoral Rtage — Suae sUges 
in Phyli^eiiy 1 

(9) Aoriie ard>ti — Those of lizard deBcribed — Odgin from );ill4m:hes 
ol Esh — Change from one to tfae other In Ontogenj of a frt^ 
— Same cliaages in Phytogeny of lizard — Embryonio oon^tlott 
of mammalitui heart and Teasels — Gradual change and final con- 
diUoD in birds — In mammals — Gradaal decrease in nnmber of 
■ortic arches as we go up the vertebrate scale — Cogency of the 
argament From aortic arches 1 

(S) VeriArattbraiTt — Elsbbrain — Brain of Teptile8,binla,mammB]8, 
man compared — Houhui brain passes through similar stages — 
Changes in complexity of structure in Tuonomj — Same cbauges 
In Ontogeny of imimTn«l« — Same in Phjlogeny of reptiles, birds, 

C^Kidixati«n — Biplanation of, in body, in mind . . . 1 

(1) FltIi4aUt — Homocercal and heterooercal — Yertebrated and non- 
*ertebrated— -Order of change in Ontt^ny — Same in Pbylogeny 
— Similar changes in birds' taUa in Onti^^y and Phylc^ny — 
In other tuUess animals — Examples from sitioulalea, inseols, 
cmstaceans, etc. 1 

lOiulratiim of the differmUatioit oftAe aholt animal kingdom — De- 
relopment of ^gs of all kinds of animals — This a type of 
ebangee in Ph jlogeny — VIThy Ontogeny repeats Phjlogeny — Low 
of Bccelenition 1 

Pno/i fivni ru£mmtarg tmd vttUn erffwu — Examples from wbale: 
Teeth — Limbs — Hftir — Olfactire oi^ans — Eiamplea from man; 
moBcIee, otecal i^pendage— Significance of useless o^ans . 1 

CHAPTEB TIIL 
FKOon isoK atoaRAeaicu. sktbibiitio)! of <»oani81is. 
G'n^nipAieii'/aiuKuaW/onu— Gondittonswhidi limit . . . l: 
Ttmperalun-regioTii — Illostrated by plants — lu latitude and in ele- 

Tatioo — Same in animal epedes 1' 

More perfect definUioH of reffiotu — Range of different Taxonomio 
groups — Qradual shadings on borders of range — Shadings ont 
of indiriduals tn number and Tigor, bat not in spedfio character 
— Aa if centers of origin — Effect of east and weat barriers — 
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^mpentuie i^ohb repekted aoath ot (be eqn»toT, bat not 
■pecieB— As U centers ot oii^ IBS 

CbnfiR«i(a//iMii<nim(l;(i>nM— Temperature xonea continuous, but 
not Bpedea — Beuon: ooecn burien— Aa if centere of origia — 
Pol&r i'^;bng : one. Why — Tranpente lone — Different epedes 
in different ooatinenU— Spedea of United States and of Europe 
almost wholly different — As if ori^ local — Exertions — (1) 
latroduoed spedes— (a) Hardy or else iride-migratlDg specie^— 
(8) Alpine spedea — Tropical sone of two oontlnenti still mora 
different — Same true of south temperate edqa .... IBS 

Sabditaiona of coniituntal /tnHuu antf /vnu-^Dluatrated by faana 
and flora of United Stalea 191 

Mariiu ipMie* — Same principles applicable— Therefore organic 
forms grouped In re^ons, sub-regions, proTlnoes,etc. — Primai? 
regions according to Wallace — Acoording to Allen ■ • ■ IBS 

Theory of Iht origin af fftoffrajAiail dinerHig—Spod&e oenters of 
creation — Objections to. The element of time left ontr-Pro- 
gresdte change in unlimited time, or eTolntion the only rational 
explanation — This connects with geographical chengea in geo- 
logical times, espedallj the Glacial epoch — Oeograpblcal diver- 
sity In other times 198 

Moit probabb vie*/ of tAt generoL proetu — Last great period of 
change was the Qladal epoch — This, therefore, is the key to 
gei^raphical distribution — Condition of things during the Qla- 
dal epoch — In America — Changes in temperature — In physi- 
cal geography and in spedes — In Europe — AppUcation of pim- 
dples 1»S 

(I) Avtindia — Characteristic of Its fuuna — Eipluiation at — Isi^ 
tlon vei7 early — Position of marsupials and monotremes in the 
Taionomic scale — Aostralis isolated before the TertlMy — Effect 
of competition on erolution 200 

(S) Africa — African region defined — Two groups of its mammals, 

indigenes, and invaders — Effect of the inTssion . 201 

(S) Madagaiear — Characteristics of its fauna — Relation to African 
Indigenes — Separated before the invasion — Significance of its 
lemurs iOfi 

(4) Jklandlift — Two hinds of Islands — Defined and illustrated by 
eiamplea — (a) Cmiinertlai iilanib — General character of fauna 
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— miutnted b7 HadRgMoar, New Zetland, Britbili iBlands, 
oout-ieUuda of Caltfonua — Chiraoteriatica ot the fkuow of 
tbese e^Uioed — (i) Oteanie Mandi — Defined — CliancteriBtica 
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CHAPTER L 

ITS BCOPE AND DEFINITION, 

A Type of Evolution.— ETery one is familiar with 
the maJD facts connected with the development of an 
egg. We all know that it begins as a microscopic genn- 
cell, then grows into an egg, then organizes into a chick, 
and finally grows into a cock ; and that the whole pro- 
cess foUowa some general, well -recognized law. Now, 
this process is evolution. It is more — it is the type of 
all evolntion. It is that from which we get our idea of 
evolution, and without which there would be no such 
word. Whenever and wherever we find a process of 
change more or less resembling this, and following laws 
dmilar to those determining the development of an egg, 
we call it evolution. 

Universality of Evolation. — Evolution as a process is 
not confined to one thing, the egg, nor as a doctrine is 
it couGned to one department of science — biology. The 
process pervades the whole universe, and the doctrine 
concerns alike every department of science — yea, every 
department of human thought. It is literally one half 
of all science. Therefore, its truth or fabeuess, its ac- 
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Oflptance or rejection, ia no trifling matter, affectiog only 
one amall comer of the thonght-realm. On the con- 
trary, it ^ects profonndly the foundations of philos- 
ophy, and therefore the whole domain of thought. It 
determines the whole attitnde of the mind toward Na- 
ture and God. 

I have said evolution constitates one half of all Bci- 
ence. This may seem to some a startling proposition. I 
stop to make it good. 

Every system of correlated parts may be studied from 
two points of view, which give rise to two departments • 
of science, one of which — and the greater and more com- 
plex — is evolution. The one concerns changes within 
the system by action and reaction between the parts, 
producing equilibrium and stability ; the other concerns 
the progressive movement of the system, as a whole, to 
higher and higher conditions — the movement of the 
point of equilibrium itself, by constant slight disturb- 
anoe and readjustment of parts on a higher plane, with 
more complex inter-relations. The one concerns the 
laws of sostentation of the system, the other the laws 
of evolution. The one concerns things as they are, the 
other the process by which they become so. Now, Nature 
as a whole is such a system of correlated parts. Every 
department and sub-department of Nature, whether it be 
the solar system or the earth, or the organic kingdom, or 
human society, or the human body, is such a system of 
correlated parts, and is therefore subject to evolution. 
We can best make this thought clear by examples : 
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1. Take, then, the human hody. This complex and 
beautiful system of correlated and nioely-adjosted parts 
ma; be studied in a state of matnrity and equilibrium, 
in which all, the organs and functions by action and 
reaction co-operate to produce perfect stability, health, 
and^ physical happiness. This study is, physiology. Or 
else the same may be studied in a state of progressive 
change. Now, we perceive that the stability is never 
perfect — the point of equilibrium is ever moving. By 
the ever-changing number and relative power of the co- 
operatingjtarta the equilibrium is ever being disturbed, 
only to be readjusted on a higher plane, with still more 
beantifnl and complex inter-relations. This is growth, 
development, evolution. Its study is called embryology. 
3. Take another example — the solar system. We may 
study sun, planets, and satellites in their mutual actiona 
and reactions, co-operating to produce perfect equilib- 
rium, stability, beautifnl order, and musical harmony. 
Tfaia is the ideal of physical astronomy as embodied in 
lAplace's "Mficanique Celeste." Or we may study the 
same in its origin and progressive change. Now, we per- 
ceive that equilibrium and stability are never absolutely 
perfect, but, on the contrary, there is continual disturb- 
ance with readjustment on a higher plane — continual in- 
troduction of iuSnitesimal discord, only to enhance the 
grandeur and complexity of the harmonic relations. 
This is the nebular hypothesis — the theory of the devel- 
opment of the solar system. It is cosmogony ; it is evo* 
lution. . 3. Again : society may be studied in the mutual 
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pl&y of all its social fnnctiona bo adjusted as to produce 
Bocisl eqnilibriam, happiness, prosperity, and good goT- 
emmenL This is social staticfi. Bat equilibriam and 
stability are never perfect. Fennanent social eqnilibri'. 
urn would be social stagnation and deoaj. Therefore, we 
mast etndy society also in its onvard moTement — ^the 
eqnilibrinm ever disturbed, only to be readjusted on a 
higher plane with more and more complexly inter-relateid 
parts. This is dynamics — social progress. It is evoln- 
tion. 4. Again : the earth, as a whole, may be studied 
in its present forms, and the matnal action of all its parts 
— lands and seas, mountains and valleys, riTers, golfs, 
and bays, currents of air and ocean — and the manner in 
which all these, by action and reaction, oo-operate to pro- 
daoe climates and physical conditions such ta we now 
find them. This is physical geography. Or, we may 
stttdy the earth in its gradaal progress toward its pres- 
ent condition — the changes which hare taken place in 
all these pai^ and conseqnent changes in climate ; in a 
word, the gradnal process of becoming what it now is. 
This is physical geology — ^it is evolation. 6. Lastly, we 
may stndy the whole organic kingdom in its entirety 
as we now find it — the matnal relation of different 
classes, orders, genera, and species to each other and to 
external conditions, and the action and reaction of these 
in the straggle for life — the geographical distribntion of 
species and their relation to climate and other physical 
conditions, the whole constitating a complexly adjusted 
and permanent equilibriam. This is a science of great 
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importanoe, bat one not yet distinctly oonceiTed, much 
less named.* Or, we may atady the same in its gradual 
progressive approach., throngliont all geological times, 
toward the present condition of things, by continual 
changes in the parts, and therefore disturbance of eqni- 
librinm and readiustment on a higher plane with more 
complex inter-relations. This is derelopment of the 
organic kiugdom. In the popular mind it is, par excel- 
lence, erolution. 

We might multiply examples without limit. There 
are the same two points of Tiew on all snbjects. Aa 
already. said, in the one we are concerned with things 
as they are ; in the other, with the process by which 
they became bo. This "law of becoming" in all thii^ 
— this universal law of progressive inter-connected change 
— may be called the law of continuity. We all recog- 
nize the nniversal relation of things, gravitatire or 
^ other, in space. This aaserta the universal canstU rela- 
tion of things in time. This is the universal law of 
evolution. 

But it has so happened that in the popular mind the 
term evolution is mostly confined to the development of 
the organic kingdom, or the law of continuity as applied 
to this department of ITatnre. The reason of th.ia is that 
this department was the last to acknowledge the suprem- 
acy of this law ; this is the domain in which the advo- 
cates of supematuralism in the realm of Nature had 

* The tenD ChomlogS' '"'^ '>? Baeckel, nearif coven the ground. 
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mode their last stand. But it is wholly nnpliiloaopliisa] 
thus to limit the term. If there be sny evolation, par 
excellence, it is evoliition of the indiTidaal or embryonic 
development. This ia the clearest, the most familiar, 
and most easily understood, and therefore the type of 
evolation. We first take our idea of evolatioo from this 
form, and then estend it to other forms of contiuaons 
change following a eimilar law. But, since the popular 
mind limits the term to development of the organio 
kingdom, and since, moreover, this is now the battle- 
ground between the advocates of continuity and discon- 
tinuity — of naturalism and supemataralism in the realm 
of Nature — what we shall say will have reference chiefly 
to this department, though we shall illustrate freely by 
reference to other forms of evolation. 

Dbfimition of Evolution. 
Evolution is (!) continnous progressive change, (2) , 
according to certain laws, (3) and by means of resident 
forces. It may doubtless be defined in other and per- 
haps better terms, bnt this suits our purposes best. 
Embryonic development is the type of evolution. It 
will be admitted that this definition ia completely real- 
ized in this process. The change here is certainly con- 
tinuously progressive ; it ia according to certain well- 
ascertained laws j it is by forces (vital forces) resident 
in the egg itself. Is, then, the process of change in 
the organic kingdom thronghoat geologic times like 
this F Does it correspond to the definition given 
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above ? Does it also deserre the name of evolntion P 
We shaU see. 

I. Progressive Gliange. — Every individnal aTiimal body 
— Bay man's — haa beoome what it nov is by s gradual 
process. Commencing as a microscopic sphemle of liv- 
ing bnt apparently nnorganized protoplasm, it gradually 
added cell to cell, tissue to tissne, organ to organ, and 
fnnctioD to function ; thns becoming more and more 
complex in the mntnal action of its correlated parts, as 
it passed snccessiTely through the stages of germ, egg, 
embryo, and infant, to maturity. Thi£ ascending series 
of genetically connected stages is called the embryonic or 
Ontogenic series.* 

There is another series the terms of which are coex- 
istent, and which, therefore, is not in any sense a genetic 
or development series, bnt which it is importaot to men- 
tion, becanse to some degree similar to and illnstrative of 
the last. Oommenoing with the lowest nnicelled micro- 
scopic oi^nisms, and passing np to the animal scale, as 
it now exists, ire find a series of forms similar, though 
not identical, with the last. Here, again, we find cell 
added to cell, tissne to tisane, oi^;an to organ, and func- 
tion to fnnctioD, the animal body becoming more and 
more complex in stmotore, in the mntnal action of its 
correlated parts, and the mntnal action with the environ- 
ment, nntil we reach the highest complexity of stmctare 
and of internal and external relations only in the highest 

* Oiiirt^mnao (IndlTidnal-mslElDg, or gene^ of the Inditidiul). 
8 

/ ■• 
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animals. This ascending eeries ma; be oalled the natanil 
luBtory series ; or, the classification or TaxoKomic ieriet* 
The tenns of this series are, of ooaree, not genetically 
oonnected ; at least, not directly so connected. In what 
way they are connected, and how the series comes to be 
similar to the last, we shall see by-and-by. 

Finally, there is still a third series, the grandest and 
most fundamental of all, bat only recently recognized, 
and therefore still imperfectly known. Commencing 
with the earliest organisms, the very dawn of life, in 
the very lowest rocks, and passing onward and apward 
through Eozoic, Palsaozoio, Mesozoic, Genozoio, to the 
Paychozoic or present time, we again find first the lowest 
forms, and then snccessively forms more and more com- 
plex in stmctore, in the interaction of correlated parts 
and in interaction with the environment, antil we reach 
the most complex internal and external relations, and 
therefore the highest strnctnie only in the present time.f 
This series we will call the geological or phylogenie se- 
ries.I Acoordiug to the evolution theory, the terms of 
this series also are genetically connected. It is, there- 
fore, an erolntion series. Fnrthermore, it is the most 
fundamental of the tiiree series, because it is the cause 
of the other two. The Ontogeniovseries is like it because 
it is a brief recapitulation, through heredity, as it wore 
from memory, of its main points. The Taxonomic series 

* TaxU, nomof (relaUi^ to sdence of ammgement). 
-f- This Htat«meiit is general ; it will be modified hereaJtei. 
' t PMt-ffeniuto (kind-mBking) ; gcneaU of the reoe. 



■ UigniaOb, Google 



ITS SCOPE AND DEFINiTION. H 

is like it becanee the rats of advance sloiig different lines 
was different in every degree, and therefore eyery stage 
of the advance is still represented in a general iray 
among exiating forms. Some of these points will be ex- 
plained more fnlly in fntnre chapters, in connection with 
the evidences of the tmth of evolution. 

It will be admitted, then, that we find progreaaive 
change in organic forma tbronghont geological times. 
This IB the first point in the deBnition of evolution. 

IL GhaQge aooordlng to Certain Laws.— We have 
shown continnonsly progreasive change in organic forms 
during the whole geologic history of the earth, similar 
in B general way to that observed in embryonic develop- 
ment. We wish now to show that the taws of change 
are similar in the two cases. What, then, are the laws of 
snccession of organic forms in geologic times i^ I have 
been aocnstomed to formulate them thus : a. X^e law of 
differentiation ; b. The law of progress of the whole ; c 
The law of cyclical movement.* We will take up these 
and explain them snoceBsiveiy, and then, afterward, show 
that they are also the laws of embryonic development, 
and therefore the laws of evolntion. 

a. Law of Differentiation. — It is a most agnificant 
fact, to which attention was first strongly directed by 
Loais Agassiz, that the earliest representatives of any 
group, whether class, order, or family, were not what we 

* This formnlstioa of the lans of oi^nic BuoceBsion was gtven b; ma 
in ISSO, before I knew anythiiig of rather Darwin's or Spencer's eTola- 
tfam. Thej were mj own mode of formnl&tii^ AgHSBli's views. 
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■would now call typical representativea of that group j 
bat, on the contrary, they were, in a wonderfnl degree, 
connecting linka ; that is, that along with their distiuc- 
tive claaBic, ordinal, or family characters they possessed 
also other characters which connected them closely with 
other classes, orders, or families, now widely distinct, 
without connecting links or intermediate forms, Tor 
example : The earliest Tertebrafces were fishes, but not 
typical fishes. On the contrary, they were fishes so 
closely connected by many characters with amphibian 
reptiles, that we hardly know whether to call some of 
them reptilian fishes, or fish-like reptiles. From these, 
as from a common Tertebrate stem, were afterward sepa- 
rated, by slow changes from generation to generation, in 
two directions, the typical fishes and the trae reptiles. 
So, also, to take another example, the first birds were far 
different from typical birds as we now know theib. They 
were, on the contrary, birds so reptilian in character, that 
there is still some doubt whether bird-characters or rep- 
tilian characters predominate in the mJxtare, and there- 
fore whether they onght to be called reptilian birds or 
bird-like reptiles. From this common stem, the more 
specialized modem reptiles branched off, in one direction 
and typical birds in another, and intermediate forms be- 
came extinct ; until now, the two classes stand widely 
apart, without apparent genetic connection. This sab- 
ject will be more fully treated hereafter, and other ex- 
amples giren. These two will be Bnffioieut now to make 
the idea clear. 
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Such early fonna combining the characteTs of two ca 
more gronpa, now widely Eeparat«ii, were called by Agaa- 
BIZ connecting types, combining types, synthetic types, 
and sometimes prophetic types ; by Dana, comprehen- 
tivB types ; and by Hnxley, generalized types. They are 
most nsoally known now as generalized types, and their 
widely-separated ontcomes specialized types. Thns, in 
general, we may say that the widely-separated gronps of 
the present day, when traced back in geological times, 
approach one another more and more nntil they finally 
nnite to form common stems, and these in their tnrn 
unite to form a commou trunk. From such a common 
tmnk, by snccessive branching and rebranching, each 
branch taking a different direction, and all growing wider 
and wider apart (differentiatioii}, have been gradually 
generated all the' diversified forms which we see at the 
preeent day. The last leafy ramifications — flower-bear- 
ing and fmit-bearing — of this tree of life, are the fauna 
and flora of the present epoch. The law might be called 
a law of ramification, of specialization of the parts, and 
diTersification'of the whole. 

b. Law of Progress of the Whole. — Many imagine 
that progress is the one law of evolution ; in fact, that 
oTolution and progress are coextensive and convertible 
terms. They imagine that in evolution the movement 
must be upward. and onward in all-part^; that degener- 
ation is the opposite of evolution. This is far from the 
truth. There is, doubtless, in evolution, progress to 
higher and higher planes j but not along every line, nor 
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in every part ; for this would be contrary to the law ot 
difEereDtiatioD. It is only progress of the whole organio 
/kingdom in it8 entirety. We can beat make tiiis clear 
by an illustration. A growing tree branches and again 
branches in aU directions, some branches going upward 
some eidewise, and some downward — anywhere, every- 
where, for light and air ; but the whole tree grows ever 
taller in its higher branches, larger in the circumference 
of its outstretching arms, and more diversified in struct- 
ure. Even 80 the tree of life, by the law of differentia- 
tion, branches and rebranches continually in all direc- 
tions — some branches going upward to higher planes 
(progress), some poshing horizontally, neither rising 
nor sinking, but only going farther from the general- 
ized origin (specialization) ; some going downward (de- 
generation), anywhere, everywhere, for an unoccupied 
place in the economy of Nature, but the whole tree 
grows ever higher in its highest parts, grander in its 
proportions, and more complexly diversified in its 
structure. 

It may be well to pause here a moment to show how 
this mistaken identification of evolution with progress 
alone, without modification by the more fundamental 
laws of differentiation, has given rise to misconceptions 
in the popular and even in the scientific mind. The bi- 
ologist is continnrfly met with the question, "Do you 
mean to say that any one of the invertebrates, such, for 
instance, as a spider, may eventually, in the course of 
e generations, become a vertebraU), or that a dog 
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or a mookey is on the highway to become a man ? " By 
no means. There ie bat one straight and narrow way to 
the highest in evolution as in all else, and few there be 
that have fonnd it — in fact, probably two or three only 
at every step. The animaU mentioned abovs have di- 
verged from that way. In their ancestral history, they 
have missed the golden opportunity, if they ever had 
it. It is easy to go on in the way they have chosen, 
hot impossible to get back on the ascending tmnk- 
line. To compare again with the growing tree, only 
one straight trunk-line leads upward to the terminal 
bnd. A branch once separated most grow its own way, 
if it grow at alL 

Of the same nature is the mistake of some extreme 
eTotationists, snob as Dr. Bastian and FrofesBor Haeckel, 
and of nearly all anti-evolntioniste, viz., that of imagin- 
ing that the truth of evolntion and that of Bjiontaneona 
generation must stand or fall together. On the cob- 
trary, i/lite did ones arise spontaneously from any lower 
forces, physical or chemical, by natural process, the con- 
ditions necessary for so .extraordinary a change could 
hardly ie expected to occur but once in the history of the 
earth. They are, therefore, now, not only nnreproduci- 
ble, but unimaginable. Such golden opportunities do 
not recur. Evolution goes only onward. Therefore, the 
impossibility of the derivation of life from non-life now, 
is no more an argnment against such a derivation once, 
than is the hopelessnesa of a worm ever becoming a ver- 
tebrate now, an argnment againrt the derivative origin 
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of rertebratea. Donbtlese if life were now eztingniBhed 
from the face of the esrth, it could not again be rekin- 
dled by any natural process known to ae ; bat the same is 
probably true of every step of evolution. If any olaas — ' 
for example, mammals — were now destroyed, it coold not 
be re-formed from any other class now living. It wonld 
be neoessary to go back to the time and conditions of the 
separation of this class from the reptilian stem. There- 
fore, the falseness of the doctrine of abiogenesis,* so far 
from being any argument against eTolntion, is exactly 
what a tme conception of evolution and knowledge of its 
laws wonld lead as to expect. 

c. Law of Gyalleal movement — The movement of evo- 
lution has ever been onward and upward, it is true, but 
not at uniform rate in the whole, and especially in the 
parts. On the contrary, it has plainly moved in sncces- 
sive cycles. The tide of evolution rose ever higher and 
higher, without ebb, but it nevertheless came in succes- 
sive waves, each higher than the preceding and overborne 
by the succeeding. These successive cycles ore the dy- 
nasties or reigns of Agassiz, and ages of Dana ; the reign 
of mollusks, the reign of fishes, of reptiles, of mammals, 
and finally of man. During the early Palaeozoic times 
(Cambrian and Silurian) there were no vertebrates.! 
But never in the history of the earth were mollusks of 
greater size, number, and variety of form than then. 

* Gcneds ^ibout preTianB life — BpooUneons generatioo. 
t ITiBhea were first intradoced in the later ^urion ; but becuM 
domiiunt 'la the Deronitui. 
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They vere tralj the nilerB of these early seaB. la the 
abseDce of competition of still higher animals, they had 
things all their otq way, and therefore grew into a great 
monopoly of power. In the later Paleeozoic (Devonian) 
fiebes were introduced. They increaaed rapidly in size, 
number, and variety ; and being of higher organization 
they quickly nsnrped the empire of the seas, while the 
mollusca dwindled in size and importance, and sought 
safety in a less conspioaona position. In the Mesozoio 
times, reptiles, introduced a little earlier,* finding con- 
genial conditions and an nnooonpied place above, rapidly 
increased in number, variety, and size, nntil sea and land 
seem to have swarmed with them, Never before or since 
have reptiles existed in such jmmbors, in such variety 
of form, or asaumed such hnge proportions ; nor have 
they ever since been so highly organized as then. They 
quickly became mlers in every realm of Zfatnre — mlers of 
the sea, swimming reptiles ; mlers of the land, walking 
reptiles ; and rnlera of the air, flying reptiles. In the un- 
equal contest, fishes therefore sought safety in subordin^ 
tion. Meanwhile mammals were introduced in the Meso- 
zoic, but small in size, low in type (marsupialB), and by 
no means able to contest the empire with the great rep- 
tiles. But in the Cenozoic (Tertiary) the conditions ap- 
parently becoming favorable for their development, they 
rafndly increased in number, size, variety, and grado of 
organization, and quickly overpowered flie great reptiles. 
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which almost immediately sank into the sabordinate po- 
sition in vhich we now find them, and thus found com- 
paratire safetv. Finally, in the QnQtemary, appeared 
man, contending doabtfnll; for a while, with the great 
mammala, but soon (in PBjcbozoio) acquiring mastery 
tbroDgh superior intelligence. The huge and dangerous 
mammals were destroyed and are still being destroyed ; 
the useful animals and plants were preserved and made 
subseirient to his wants ; and all things on the face of 
the earth are being readjusted to the requirements of hia 
rule. In all cases it will be observed that the rulers were 
such because, by reason of strength, organization, and in> 
telligence, they were fittest to rule. There is always room 
at the top. To illustrate again by a growing tree : This 
successive culmination of higher end higher classes may 
be compared to the flowering and fruiting of successively 
higher and higher branches. Each uppermost branch, 
under the genial heat and light of direct sunshine, Te> 
ceived in abundance by reason of position, grew rapidly, 
flowered, and fruited; but quickly dwindled when over- 
shadowed by still higher branches, which, in their torn, 
monopolized for a time the precious sunshine. 

But observe, furthermore : when each ruling class d^ 
clined in importance, it did not perbh, but continued in 
a subordinate position. Thus, the whole organic king- 
dom became not only higher and higher in its highest 
forms, but also more and more complex in its structure 
. and in the interaction of its correlated parts. The whole 
process and its result is roughly represented in the ac- 
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eompauyiiig diagram, Fig. 1, in which A B represeuta 
the course of geological time and the curve, the rise, 
culmination, and decline of Bucceseive dominant classes. 

Tes Abotb Thbss Laws abb La^vb on Etoletion. 
These three laws we have shown are distinoti; reoog- 
nizable in the snocession of organic forms in the geologi- 
es history of the earth. They are, therefore, ondonbt- 
edly the general lawt of succession. Are they also laws 
of evolntion ? Are they also disooyerable in emhryonio 
deTelopment, the type of eTolntion ? They are, as wa 
now proceed to show : 

DiffereBtlation. — In reprodnction the new indiridual 
appears : 1. Aa a ycrm-cell — a aingle microscopic living 
cell. -2. Then, by growth and mtiltipIicatioQ of cells, it 
becomes an eggJ^mi may be characterized as an aggre- 
gate of similar cells, and therefore is not yet differen- 
tiated into tissnes and organs. In other words, it ie not 
yet visibly organized ; for organization may be defined as 
the possession of different parts, performing different 
functions, and all co-operating for one given end, viz., 
the life and well-being of the organism. 3. Then com- 
mences the really characteristic process of derelopmeat. 
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Tit., differentiation or diversification. The cella are at 
first; all alike in form and fnnction, for all are globular 
in form, and each performs all the fnnctionB necesBary 
for life. From this common point now commenoea de- 
velopment in different directions, which may be com- 
pared to a branching and rebranching, with more and 
more complex results, according as the animal is higher 
in the scale of organization and advances toward a state 
of maturity. First, the eett^gregate (egg) separates into 
three distinct layers of cells, called ecto-blaat, endo-blast, 
and meso-blast. These by further diSorentiation form the 
three fundamental groups of organs and functions, viz., 
the nervous system, the nutritive system, and the blood 
system : the first presiding over the exchange of force or 
influence, by action and reaction with the environment, 
and between the different parts of the organism ; the sec- 
ond presiding over the exchange of matter with the envi- 
ronment, by absorption and elimination ; the third presid- 
ing over exchanges of matter between different parts of 
the organism. The first system of functions and organs 
may be compared to a system of telegraphy, foreign and 
domestic ; the second to foreign commerce ; the third to 
an internal carrying-trade. Following out any one of 
these groups in higher animals, say the nervous system, it 
quickly differentiates again into two sub-aystems, viz., cer- 
ebro-spinal and ganglionic, each having its own distinctive 
functions, which we can not stop to explain. Then the 
cerebro-spinal again differentiates into voluntary and re- 
flex systems. AU of these have meanwhile separated into 
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sensory and motor centers and fibers. Then, taking only 
the sensory fibers, these again are differentiated into five 
special seoBes, each baring a wholly different fanction. 
Then, finally, taking any one of these, say the aettse of 
touch or feeling, this again is differentiated into many 
kinds of fibers, each responding to a different impression, 
some to heat, others to cold, still others to pressure, etc. 
We have taken the nerrons system ; but the same' differ- 
entiation and rediSercntiation takes place in all other 
systems, and is carried to higher and higher points ac- 
cording to the position in the scale of the animal which 
is to be formed. 

Or, to vary the mode of presentation a little, the cells 
of the original aggregate, commencing all alike, imme- 
diately begin to take on different forms, in order to per- 
form different functions. Some cells take on a certain 
form and aggregate tbemeelves to form a peculiar tissae 
vhicb we call muscle, and 'which does nothing else, can 
do nothing else, than contract under stimulus. Another 
group of cells take on another peculiar form and aggre- 
gate themselves to form another and very different tis- 
sue, viz., nervous tissue, which does nothing and can do 
nothing hnt carry influence back and forth between the 
great external world and the little world of consciousnesa 
within. Still another group of cells take still another 
form and aggregate to form still another tissue, viz., the 
epithelial, whose only fanction is to absorb nutritive and 
eliminate waste matters. Thus, by differentiation of 
form and limitation of function, or division of labor, the 
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dJSereot parte of the organiem are bonnd more ftnd more 
closely together by mutual dependence, and the whole 
becomes more and more distinctly individaated, and 
separation of parte becomes more and morea mntilation, 
and finally becomes impossible without death. This pro- 
cess, aa already said, reaches its highest point only in the 
later stages of development of the highest animals. 

Progress. — The law of progress ie, of coarse, admitted 
to be a law of-oniogsay^ bnt observe here, also, it is true 
only of the whole and not necesBarily of all the parte, ex- 
ceptfrom the point of view of the whoie. Thus, for ex- 
ample, starting all from a common form or generalized 
type, some cells advance to the dignity dt brain-cells, 
whose function is somehow connected with the genera- 
tion or at least the manifestation of thought, will, and 
emotion ; other colls descend to the position of kidney- 
cells, whose sole function ia the excretion of nrine. But 
here, also, the highest cells are snccessively higher, and 
the whole aggregate is successiTely nobler and more com- 
plex. It is again a branching and rebranching, in ev- 
ery direction, some going upward, some downward, some 
horizontally, anywhere, everywhere, to increase the com- 
plexity of relations internal and external, and therefore 
to elevate the plane of the whole. 

Cyelioal Movement — lastly, the law of cyclical move- 
. ment is also a law of ontogeny and therefore of evolution. 
This law, however, is less fundamental than the other 
two, and is, therefore, less conspicuous in the ontogenio 
than in the phylogenio series. It is coospicuoos only in 
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the later stages of ontogeny, and in other higher kinds 
of erolution, ench as eocial evolntion. For example, in 
the ontogenic development of the body and mind from 
childhood to manhood yn hare plainly snocessive colmi- 
nations and declines of higher and higher fnnctions. In 
bodily development we have culminating first the nutri- 
iive functions, then the reproductive and muscular, and 
last the cerebral. In mental developmeat we have cul- 
mination first of the receptive and retentive faculties in 
childhood, then of imaginative and sssthetic faculties in 
youth and young manhood ; then of the reflective and 
elaborative faculties — ^the faculties of productive work in 
mature nranhood ; and, finally, the moral and religiooa 
sentiments in old age. The first gathers and stores ma- 
terials ; the second vivifies and makes them plastic 
building materials ; the third uses them in actual con- 
structive work — in building the temple of science and 
philosophy; and the fourth dedicates that temple only 
to noblest purposes. 

Observe here, also, that when each group of faculties 
culminates and declines, it does not perish, but only be- 
comes subordinate to the next higher dominant group, 
and the whole psychical organism becomes not only 
higher and higher in its highest parts, but also more and 
more complex in its structure and in the interaction of 
its correlated parts. 

Observe, again, the necessity laid upon us by this law — 
the neceseity of continued evolution to the end. Child- 
hood, beautifal childhood, can not remain — ic must 



UigniaOb, Google 



24 WHAT 18 ETOLUTION? 

quickly paaa. If, with the decline of its charaoteriBtio 
faculties, the next higher group characteristic of youth 
do not increase and become dominant, then the glory of 
life is already past and deterioration begins. Have ve 
not all seen sad examples of this ? Yonth, glorions 
youth, must also pass. If the next higher gronp of re- 
flective and elaborative faonlties do not arise and domi- 
nate, then progressive deterioration of character com- 
mences here — thenceforward the whole nature becomes 
coarse, as we so often see in yonng men, or else shrivels 
and withers, as we so often see in yonng women. Final- 
ly, manhood, strong and self-relying manhood, must also 
pass. It the moral and religious sentiments have not 
been slowly growing and gathering strength all along, 
and do not now assert their dominance over the whole 
man, then commences the final and saddest decline of 
all, and old age becomes the pitiable thing we so often 
see it. But, if the evolution have been normal tbrongh- 
oat ; if the highest moral and religions nature have been 
gathering strength throngh all, and now dominates all, 
then the psychic evolutaon rises to the end — then the 
course of life is like a wave rising and cresting only at 
the moment of its dissolution, or, like the course of the 
sun, if not brightest at least most glorions in its setting. 
And thus — may we not hope ? — the glories of the close of 
a well-spent life become the pledge and harbinger of an 
eternal to-morrow? 

We have thus far illustrated the tliree laws of sucoes- 
sion of organic forme by ontogeny, because this is the 
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type of eTolntion ; but they may be illaatrated also by 
other fonoB of erolution. Next to the developoLeDt of 
the indiTJdual, uDdoubtedly the progress of society fur- 
nishes the best illustration of these laws. 

CommeDoiDg vith s condition in which each indi- 
Tidnal performs all necessary social fanctions, bat very 
imperfectly ; in which each indiridoal is bis own shoe- 
maker and tailor, and honse-boilder and farmer, and 
therefore all persons are sociallj alike; as society ad- 
Tances, the constituent members begin to diverge, some 
taking on one social function and some another, until in 
the highest stages of social organization this diversiSoa- 
tion or division and snbdivisioTi of labor reaches its high- 
est point, and each member of the a^;regate can do per- 
fectly bnt one thing. Thus, the social organism becomes 
more and more strongly bound together by mutual de- 
pendence, and separation becomes mutilation. I do not 
mean to say that this extreme is desirable, hut only that 
an approach to this is a natural law of social develop- 
ment. Is not this the law of differentiation t 

So also progress is here, as in other forms of evo- 
lution — a progress of the whole, hut not necessarily of 
every part. Some members of the social aggregate ad- 
vance upward to the dignity of statesmen, philosophers, 
and poets ; some advance downward to the position of 
ecavengera and sewer-cleansers.* But the highest mem- 
bers are progressively higher, and the whole aggregate is 
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progreflsiTel; grander and more complex in Btraotore and 
fanotionB. 

So, again, the law of cgdical movement is equally 
GonBpicnons here. Society everywhere adrances, not uni- 
formly, but by Baoceesire waves, each higher than the 
last ; each urged by a new and higher social force, 
and embodying a new and higher phase of ciYilization. 
Again : as each phase declines, its characteristic social 
force iB not lost, but becomes incorporated into the next 
higher phase as a sabordinate principle, and thos the 
social organism as a whole becomes not only higher and 
higher, bat also more and more complex in the matnal 
relations of its interacting social forces. 

Let ns not be misuiderstood, however. There is nn- 
doabtedly in social evolution Bomething more and higher 
than we have described, but which does not concern na 
here, except to guard against misconstmction. There 
ia in society a vol-untary progress wholly different from 
the evolntion we have been describing. In true or ma- 
terial evolution natural law works for the betterment of 
the whole utterly regardless of the elevation of the indi- 
vidual, and the individual contributes to the advance of 
the whole quite unconsciously while striving only for his 
own betterment. This unconsoioua evolution by natural 
law inherited from the animal kingdom is oonspicuoas 
enongh in society, especially in its early stages, but we 
would make a great miatake if we im^ned, as some do, 
that this is all. Besides the unconscioas evolution by 
natural laws, inherited from below, there is a higher evo- 
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lution, inherited from aliove, indissolablf coDUeot«d with 
man'8 spiritaal nature — a conscioua, voluntary etriviDg 
of the best members of the social aggregate for the bet- 
terment of the vhole — a conacionB, volantary striTing 
both of the individnal and ol society toward a reeog- 
aized ideal. In the one kind of evolntion the fittest 
are those most in harmony with the environment, and 
which therefore always sarvive ; in the other, the fittest 
are those moat in harmony with the ideal, and which 
often do not snrviTe. The laws of this free volnntary 
progress are little nnderstood. They are of anprema 
importance, bat do not specially concern ns here. We 
will speak of it again in another chapter. 

The three laws above mentioned might be illustrated 
equally well by all other forms of evolation. We have 
selected only those which are most familiar. They may, 
therefore, be truly called the laws of evolution. We 
have shown that they are the laws of succession of or- 
ganic forms. 

III. Change by Means of Besldent Forces.— Thus far 
in oar argument I suppose that most well-informed men 
will raise no objection. It will be admitted, I think, 
even by those most bitterly opposed to the theory of evo- 
lution, that there has been thronghoat the whole geologi- 
cal history of the earth an onward movement of the or- 
ganic kingdom to higher and higher levels. It will be 
admitted, also, that there is a grand and most significant 
resemblance between the coarse of development of the 
organic kingdom and the course of embryonic develop- 
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ment — between the laws of enccession of organic fonns 
and the laws of outogenio evolntion. Bat there is an- 
other esaential element in ontogenic evolution. It is 
that the forcea or canses of evolntioa are natural; that 
they reside in the thing developing and in the reacting 
environment. This we know is true of embryonic devel- 
opment ; is it true also of the geologic saccesaion of or- 
ganic forms ? It IS tme of ontogeny ; is it tme also of 
ph^ogeny ? If not, then only by a metaphor can we call 
the process of change in the organic kingdom thronghoat 
geological history an evolntion. This is the point of 
discussion, and not only of discnsston, bnt, alas I of 
heated and even angry dispute. The field of discnssion 
is tbas narrowed to this third point only. 

Before stating the two opposite views of the cause of 
evolntion, it is necessary to remind the reader that when 
the evolationist speaks of the forces that determine pro- 
gressive changes in organic forms as resident or inhffrent, 
all that he means, or ought to mean, is that they are 
resident in the same sense as all natural forces are resi- 
dent; in the same sense that the vital forces of the em- 
bryo are resident in the embryo, or that the forces of the 
development of the solar system according to the nebnlar 
or any other cosmogonic hypotheses are resident in that 
system. In other words, they mean only tliat they are 
natural, not sapematnral. This does not, of conrse, 
touch that deeper, that deepest of all qnestions, viz., 
the essential nature and origin of natural forces ; how 
far they are independent and self-ezistent, and hoir far 
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they are odI; modes of divine energy. This is a question 
of philosophy, not of Bcience. This qneBtioa is briefly 
discnsaed in another place {Part III, Chap. Ill) ; it does 
not immediately concern ns here. 

Tlie Two Views briefly Contrasted. — As already stated, 
all will admit a grand resemblance between the stages of 
embryonic deTelopment and those of the development of 
the oiganio kingdom. This was first brought ont clearly 
by Lonis Agassiz, and is, in fact, the greatest result of 
his life-work. All admit, also, that the embryonic de- 
Telopment is a natural process. Is the development of 
t}ie organic kingdom also a natural prooeas ? All biolo- 
gists of the present day contend that it is ; all the old- 
school naturalists, with Agassiz at their head, and all 
anti-evolationists of every school, contend that it is not. 
We take Agassiz as the type of this school, because he 
has most fnlly elaborated and most distinctly formnlated 
this view. As formulated by him, it has stood in the 
minds of many as an alternative and substitute for evo- 
lution. 

According to the evolutionists, all orgaoic forms, 
whether species, ^ncra, families, orders, classes, etc., are 
variable, and, if external conditions favor, these varia- 
tions accnmnlate in one direction and gradually produce 
new forms, the intermediate links being usually destroyed 
or dying oat According to Agassiz, the higher groups, 
such as genera, families, orders, etc., are indeed vari- 
able by the introduction of new species, but species are 
the ultimate elements of classification, and, like the nl* 



UigniaOb, Google 



80 WHAT IS EVOLDTIOH't 

timate elements of chemistry, are unchangeable ; and, 
therefore, the speculationa of the evolationist concerning 
the transmutation of spucies are as vain aa were the speo- 
nlations of the alchemistB concerning the transmatation 
of metals — that the origin of man, for example, from 
any lower species is as impossible as the origin of gold 
from any baser metaL Both sides admit freqnent change 
of Bpecies daring geological history, bat one regards the 
change as a change by gradaal traitsmutation of one 
species into another throngh Bnccessive generations and 
by natural process, the other as change by eubsHtution 
ot one species /or another by direct sapematnral creative 
act. Both admit the gradual development of the organic 
kingdom as a whole throngh stages similar to those of 
embryonic development ; but the one regards the whole 
process as natural, and therefore strictly comparable to 
embryonic development, the other as reqniring freqnent 
special interference of creative energy, and therefore 
comparable rather to the development of a bailding un- 
der the hand and according to the preconceived plan of 
an architect — a plan, in this case, conceived in eternity 
and carried out consistently throngh infinite time. It is 
seen that the essential point of difference is this : The 
one asserts the variability of species (if conditions favor, 
and time enough is given) without limit ; the other as- 
serts the permanency of specific forma, or their variabil- 
ity only within narrow limits. The one asserts the origin 
of species by. "descent with modifications" ; the other, 
the origin of species by "apeciai act of creation." The 
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ooe asserts the lav of continaity (i. e., tliat each stage is 
the natural outcome of the im mediately preceding stage) 
in this, as in every other department of Nature ; the 
other aeserts that the law of continuity (i. e., of cauee 
and effect) does not hold in this department ; that the 
links of the chain of changes are discontinuous, the con- 
nection between them being intellectual, not physical. 

So much for sharp contrasting characterization of the 
two TiewB, necessary for clear understanding of much 
that foUowB. We will have to give them more fnlly 
hereafter when we take up the evidences of evolution in 
PartIL 



a. b, Google 



THB BSIiATIOK OF LOUIS AGA8SIZ CO THE THBOBT OS 
EVOLUTION. 

Is order to clear up the couoep^on of eTolntion, it is 
necessary to give a brief history of the idea, and espe- 
cially to explain the relation of I ais Agaesiz to that 
theory. This is the more necessary, becanse there is a 
deep and wide-spread misonderatanding on this snbject, 
and thus scant jostice has been done onr great naturalist, 
especially by the English and Germans ; and also becanse 
this relation is an admirable illustration of an important 
principle in scientific philosophy. 

Like all great ideas, ve find the first germs of this in 
Greek philosophy, in the cosmic speculations of Thalea 
and Pythagoras. Next (about 100 b. c.) ve find it more 
clearly expressed by the Soman thinker, Lucretiaa, in 
his great philosophic poem entitled "De liemm Natnra." 
After a dormancy of nearly eighteen centuries it next 
emerges with still more clearness in the theological apecn- 
lations of Swedeaborg and the philosophical speculations 
of Kant. All these ve pass over with bare mention, be- 
caiue these thinkers approached the subject from the 
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philosophic rsther than the scientific side — ^in the meta- 
physical rather than the scientific spirit. 

The first serione attempt at scientific presentation of 
the sahject was by the celebrated naturalist, Lamarck, in 
a work entitled " Philosophie Zoologiqne," poblished in 
1809. It is not necea ary, in this rapid sketch, to jB;iTe a 
fnll account of Lamarck's views. Suffice it to say that 
the essential idea of evolotioD, viz., the indefinite vari- 
ability and the derivative origin of species, was insisted 
on with great learning and skill, and illnstrated by many 
examples. With L^zugrck, the factors of evolntion or 
causes of change of oi^nic forms were~l. Modification 
of organs in fuoctioiij^KDd therefore in strnctare, by a 
changing environment — external factor ; and, 3. Modifi- 
cation of organs by ujte*and disusf — internal factor. In 
both cases the modifications are iDherited and increased 
from generation to generation, without limit. This sec- 
ond factor seems to have taken, in the mind of Lamarck, 
the somewhat vague and transceiidental form of aspira- 
tion or upward striving of the animal toward higher 
conditions. These are acknowledged to-day as true fac- 
tors of evolution, but the distinctively Darwinian factor, 
viz., "divergent variation and natural selection," was 
not then thought of. The publication of Lamarck's 
views produced a powerful impression, but only for 
a little while. Pierced by the shafts of ridicule shot 
by nimble wits of Paris, and crushed beneath the 
heavy weight of the authority of Ouvier, the greatest 
naturalist and comparative anatomist of that or perhaps 
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of aoy time, it fell almost still-bont. I believe it mw 
best that it shonld thus perish. Its birth wae prema- 
tnre ; it was not fit to live. The world waa not yet pre- 
pared for a true scientific theory. Neverthelena, the 
work was not without ite effect upon Bome of the most 
advanced thinkers of that time ; npon Saint-Hilaire and 
Comte in France, and npon Qoetbe and Oken in Ger- 
many. It was good seed sown and destined to spring np 
and bear fruit in suitable environment ; bnt not yet. 

The next attempt worthy of attention in this rapid 
sketch is that of Bobert Chambers, in a little Tolame en- 
titled "Vestiges of a Natural History of Creation," pub- 
lished in 1844. It was essentially a reproduction of 
Lamarck's views in a more popular form. It was. not a 
truly scientific work nor written by a scientific man. It 
was rather an appeal from the too teehnioal oonrt of sci- 
ence to the supposed wider and more nnprejndiced oonrt 
of popular intelligence. It was therefore far more elo- 
quent than accurate ; far more specious than profonnd. 
It was, indeed, full of false facts and inoonseqnent rea- 
sonings. Nevertheless, it produced a very strong impres- 
sion on the thinking, popular mind. Snt it also quickly 
fell, pierced by keen shafts of ridicule, and cmshed be- 
neath the heavy weight of the authority of all the most 
prominent naturalists of that time, with Agassiz at their 
head. The question for the time seemed closed. I be- 
lieve, again, it was best so, for the time was not yet fully 
ripe. 

I know full well that many think with Haeokel thait 
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biolt^j ma kept back half a ceDtoiy by the baneful an- 
thoritj of Cnvier aod AgasBia ; bat I can not think bo. 
The hypothesis was contrary to the facts of science tu 
iheti ihunm and understood. It was coDceived in the 
spirit of baseless specnlation, rather than of cantioos 
indnction ; of skillful elaboration rather than of earnest 
trnth-seeking. Its general acceptance would have de- 
bsnched the tme spirit of science. I repeat it : the time 
was not yet ripe for a scientific theory. The ground 
utnst first be cleared and a solid foundation bailt ; an io- 
saperable obstacle to hearty rational acoeptanoe mnst 
first be removed, and an indactiTo basis mnst be laid. 

Tlie Obstacle nmoTad.— The obstacle in the way of 
tiie acceptance of the derivative origin of species was the 
then prevalent notion concerning the naturo of life. We 
most briefly sketch the change which has taken place in 
the last forty years in oar ideas on this sabject. 

tJntU abont forty years ago, the different forces of 
Nature, sach as gravity, electricity, magnetism, light, 
heat, chemical affinity, etc., were supposed to be entirely 
distinct. The realm of Nature was divided ap into a 
nnmber of diatinot and independent prinoipalitieB, each 
Enbject to its own sovereign force and ruled by its own 
petty laws. Abont that time it began to be evident, and 
is now univeraally acknowledged, that all these forces are 
bnt different/orwu of one, oniversal, omnipresent energy, 
and are transmntable nnto one another back and forth 
without loss. This is the doctrine of correlation of 
foioee and conservation of energy, one of the grandest 
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ideas of modern times. But on^ force seemed still to be 
an exception. Life-force was still believed to be a pe- 
culiar, mysterions principle or entity, standing above 
other forces and subordinating them ; not correlated 
with, not transniutable into, nor derivable from, other 
and lower forces, and therefore in some sense super- 
natural. Now, if tbJB be true of ]iviag forces, it is per- 
fectly natural, yea, almost necessary, to believe that liv- 
iag/orms are wholly different from other forma in their 
origin. New forms of dead matter may be derived, bnt 
new living forms are underived. Other new forms come 
by natural process, new organic forms by supematur^ 
process. The conclusion was almost unavoidable. Bnt 
soon vital force also yielded to the general law of correlo- 
tioQ of natural forces. Vital forces are also trausmutable 
into and derivable from physical and chemical forces. 
Sun-force, falling on the green leaves of plants, is ab- 
sorbed and converted into vital force, disappears as light 
to reappear as life. The amount of life-force generated 
is measured by the amount of light extinguished. The 
same is true of animal life. As in the steam-engine tiie 
locomotive energy is derived from the fuel consumed and 
measured by its amount, so in the animal body, the ani- 
mal heat and animal force are derived from and measured 
by the food and tissne consumed by combustion. Tbns, 
vital force may be I'egarded as so much force withdrawn ' 
from the general fund of chemical and physical forces, to 
be again refunded without loss at death. This obstacle 
is, therefore, now removed. If vital force falls in the 
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Bame category as other natural forces, there is /lo reason 
why living fonus shoaM not fall into the same category 
in this regard as other natnral formB. If new fonna of 
dead matter are derived from old forms by modiScation, 
according to phyxical laws, there is no reason why new 
living forms should not also he derived from old forms 
by modification according to physiological laws. Thus, 
at last, the obstacle was removed — the ground was 
cleared, 

IlLe Basis laid. — But Science is not content with re- 
moval of a priori objections. She must also have posi- 
tive proofs. The ground mnat not only be cleared, but a 
true inductive basis of facte, and especially of laws and 
methods, must be laid. This was the life-work of Agas- 
eiz. Yes, as strange as it may seem to some, it is never- 
theless true that the whole inductive basis, upon which 
was afterward built the modern theory of evolution, was 
laid by Agassiz, although he himself persistently refused 
to build upon it any really scientific auperstructnre. It 
is plain, then, that all attempts at building previous to 
Agasdz's work must, of necessity, have resnlted in an 
unsubstantial structure — an edifice built on sand, which 
could not and ought not to stand. I must stop here in 
order to explain somewhat fully this important point, 
and thus to give due credit to the work of Agassiz. 

The title of any scientist to greatness must be deter- 
mined, not BO much by the multitude of new facts he has 
discovered as by the new laws he has established, and 
especially by the new methods he has inaugurated or per- 
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footed. Now, I think it can be Bhovn that to Agaasiz, 
more than to any other man, is due the oredit of haying 
establislied the laws of succeeaion of living forma in the 
geological history of the earth — l&Trs upon which mast 
rest any true theory of OTolution. Also, that to him, 
more than to any other man, is due the credit of having 
perfected the method (method of comparison) by the use 
of which alone biological science has advanced bo rapidly 
in modem times. This is high praise. I wish to justify 
it. I begin with the method. 
j Scientific methods bear the same relation to intellect' 
I udl progress that tools, iostrnments, machines, mechani- 
cal contrivances of all sorts, bear to material progress. 
They are intellectual contrivances — indirect ways of ao- 
complisbing results far too bard for bare-handed, unaided 
intellectual strength. As the civilized man has little or 
no advantage over the savage in bare-handed strength of 
muscle, and the enormous superiority of the latter in 
accomplishing material results is dnc wholly to the use 
of mechanical contrivances or machines ; even so, in the 
higher sphere of intellect, the scientist makes no preten- 
sion to the possession of greater unaided intellectual 
strength than belongs to the uncultured man, or even 
perhaps to the savage. The amazing intellectual results 
achieved by science are due wholly to the use of intellect- 
ual contrivances or scienidfio methods. As in the lower 
sphere of material progress the greatest benefactors of 
the race are the inventors or perfecters of new mecbani- 
eal contrivances or machines, so also in the higher sphere 
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of inteUeotnal progress the greatest benefactors of the 
race are the invoatorB or perfecters of new intellectaal 
contrivances or methods of research. 

To iUnstrate the power of methods, and the necesaitj 
of their use, take the case of the method of notation, so' 
charocteriBtio of matbematios, and take it even in its 
simplest and most familiar form : Nine nnmeial figures, 
having each a valne of its own, and another dependent 
npoQ its position ; a few letters, a and b, and x and y, 
connected by symbols, -}- and — and = : that is alL And 
jet, by the ase of this simple ooutriTanoe, the dnllest 
8chool-boj accomplishes intellectual results wliicli wonld 
defy the utmost efForts of the unaided strength of the 
greatest genius. And this is only the simplest tool-form 
of this method. Think of the results accomplished by 
the nse of the more complex machinery of the higher 
mathematics ! 

Take next the method of experiment so characteristio 
of physios and chemistry. The phenomena of the oztemal 
world are far too complex and far too much affected by 
disturbing forces and modifying conditions to be nnder- 
Btood at once by bare, nnaided intellectual insight. They 
muBt first be simpliGed. The phyajcist, therefore, con- 
trives artificial phenomena ander ideal conditions. He 
removes one complicating condition after another, one 
disturbing cause and then another, watching meanwhile 
the resalt, until finally the necessary condition and the 
true cause are discovered. On this method rests the 
whole fabric of the physical and chemical sciences. 
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Bnt when we rise still higher, tiz., into the plane of 
life, the phenomeoa of Natnre become still more com- 
plex and ditBcult to nnderstand directly ; and yet jnst 
here, where we are the most powerless without some 
method, oar method of experiment almost wholly fails 
us. The phenomena of life are not only far more com- 
plex than those of dead matter, hut the conditions of life 
are so nicely adjusted, the eqailibrium of forces so deli- 
cately balanced, that, when we attempt to introduce onr 
clumsy bands in the way of experiment, we are in danger 
of overthrowing the equilibrium, of destroying the con- 
ditions of the experiment, viz., life ; and then the whole 
problem falls immediately into the domain of chemistry. 
What shall we do F In this dilemma we find that Ka- 
ture herself has already prepared for us, ready to hand, 
an elaborate series of simplified conditions equivalent to 
experiments. The phenomena of life are, indeed, far too 
complex to be at once understood — the problem of life 
too hard to be solved — in the higher animals ; but, as we 
go down the animal scale, oomplicating conditions are 
removed one by one, the phenomena of life become sim- 
pler and simpler, until in the lowest microscopic cell or 
spherule of living protoplasm we finally reach the sim- 
plest possible expression of life. The equation of life is 
reduced to its simplest terms, and now, if ever, we begin 
to understand the trub value of the unknown quantity. 
This is the natural history series, or Taxonomic series, 
already spoken of on page 10. Again, Nature has pre- 
pared, and is now preparing dwly before our eyes, an- 
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other seriee of gradaally simplified conditions. Oom- 
mencing with the mature condition of one of the higher 
animals — ^for example, man — and going backward along 
the line of indiridnal history through the stages of in- 
fant embryo, e^ and germ, we find again the phenomena 
of life becomiog simpler and simpler, until we again 
reach the simplest conoeiTable condition ia the single 
microscopic oell or spherule of living protoplasm. This, 
as already explained, is the embryonic or Oniogenic se- 
ries. Again, that there be no excuse for man's ignorance 
of the laws of lite, SatnTe has prepared still another 
series ; and this the grandest of all, for it is the canse of 
both the others. Commencing with the plants and ani- 
mals of the present epoch, and going back along the 
track of geological times, throagh Cenozoic, Mesozoio, 
Paleozoic, Eozoic, to the very dawn of life — the first 
Byllable of recorded time — and we find again a series of 
organic forms growing simpler and simpler, nntil, if 
ve coold find the Tcry first, we woidd undoubtedly 
agun t«ach the simplest condition in the lowest con- 
ceivable forms of life. This, as we have already seen, 
is the geologic or oTolntion, or Phyhgenic series. We 
have already explained these three series, only in this 
eoDDectioQ it snita onr pntpose to take the terms back- 
ward. 

Now, it Is by eomparuon of the terms of each of these 
series going up and down, and watching the first appear- 
ance, the growth, and the perfecting of tissnes, organs, 
fnnotions, and by the comparison of the three series 
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with one another term by term — I say it la wholly by 
comparison of this kind that biology has in recent times 
fceoome a tme indnctive science. This is the "method 
of comparison." It is the great method ot research in 
all those departments which can not be readily managed 
by the method of experiment. It has already regenerated 
biology, and is now applied with like auccess in sociology 
under the name of historic method. Yes ; anatomy be- 
came scientific only through comparative anatomy, physi- 
ology throngh comparatiTe physiology, and embryology 
through comparatiTe embryology. May we not add, soci- 
ology will become truly scientifio only throngh oompara- 
tive sociology, and psychology through oomparatiTe pey- 
ohology ? 

Now, while it is tme that this method, like sll other 
methods, has been used, from the earliest dami of 
thought, in a loose and imperfect way, yet it is only in 
Tery recent times that it has been organized, systema- 
tized, perfected, as a true scientific method, as a great 
instrument of research ; and the prodigious recent ad- 
vance of biology is due wholly to this cause. Now, 
among the great leaders of this modem movement, Aga^ 
siz undoubtedly stands in the very first rank. I must 
try to make this point plain, for it is by no means gen- 
erally understood. 

Cuvior is acknowledged to he the great founder of 
comparative anatomy. He it was that first perfected the 
method of comparison, but comparison only in one series 
— the Taxonomic Yon Baer and Agassiz added to thi% 
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comparison in the ontogenio series also, and comparison 
of these two aeries with each other, and therefore the 
application of embryology to the classification of aQimals. 
If VoD Baer was the first aonoiiDcer, Agassiz was the 
first great practical worker by this method. I^^t and 
most important of all, in its relation to evolntion, Agas- 
siz added comparison in the geologic or phylogenic series. 
The one grand idea underlying Agassiz's whole life-work 
was the essential identity of the three series, and there- 
fore the light which they mnst shed on one another. 
The two guiding and animating principles of his scien- 
tific work were — 1. That the embryonic development of 
one of the higher representatives of any group repeated 
in a general way the terms of the Taxonomic series in 
the same gronp, and therefore that embryology fnmished 
the key to a tree classification ; and, Z. That the sncces- 
sion of forms and stmotnre in geological times in any 
gronp is similar to the succession of forms and stmct- 
ore in the development of the individnal in the same 
gronp, and thos that embryology furnishes also the key 
to geological Buccession. In other words, during his 
whole life, Agassiz insisted that the laws of embryonic 
development (ontogeny) are also the laws of geological 
saccession (phylogeny). Surely this la the foundation, 
the only solid foundation, of a true theory of evolution. 
It is tme that Agaesiz, holding as he did the doctrine 
of permanency of specific types, and therefore rejecting 
the doctrine of the derivative origin of species, did not 
admit the causal or natural relation of phylogenic 8 
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Bion to embryonic succeBsion and taxoQomic order as we 
now believe it — it ib trae that for him the relation be- 
tween the three aeries was an intellectnal not a physical 
one— consisted in the preordained plans of the Creator, . 
and not in any genetic connection or inherited property ; 
but evidently the first and greatest step was the discovery 
of the relation itself, however accounted for. The rest 
was Bare to follow. 

But more. Kot only did Agassiz establish the essen- 
tial identity of the geologic and embryonic saocession, 
the general similarity of the two series, phylogeuic and 
ontogenic, but he also announced and enforced all the 
formal laws of geologic sncceBsion (i. e., of evolntion), as 
we now know them. These, as already stated and illus- 
trated, are the law of differentiation, the law of progress 
of the whole, and the law of cyclical moTement, al- 
though he did not formulate them in these words. No 
true inductive evidence of evolution was possible without 
the knowledge of these laws, and for this knowledge we 
are mainly indebted to Agassiz. He well knew also that 
they were the laws of embryonic development and there- 
fore of evolution ; but he avoided the word evolution, aa 
implying the derivative origin of species, and used in- 
stead the word development, though it is hard to see in 
what the words differ. Thus, it is evident that Agassiz 
laid the whole foundation of evolution, solid and broad, 
but refused to build any scientific structure on it ; he re- 
fused to recognize the legitimate, the ecientifically neces- 
Buy outcome of his own work. Nevertheless, without hil 
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■work a Bcieatifio theory of eTolntion would hare been 
impossible. Without Agassiz (or his eqmTalent), there 
woDld hare been no Darwin. 

There is something to ns sapremely grand in this re> 
fosal of Agassiz to accept the theory of eTolntion. The 
opportunity to become the leader of modem thought, 
the foremost man of the century, was in his hands, and 
he refused, because his religious, or, perhaps better, hia 
philosophic intuitions, forbade. To Agaesiz, and, in- 
deed, to all men of that time, to many, alas 1 even now, 
evolution is materialism. But materialism is Atheism. 
Will some one say, the genuine Truth-aeeker followa 
where she seems to lead tohatever be the consequences t 
Yes ; whatever be the consequences to one's self, to one's 
opinions, prejudices, theoriee, philosophies, hut not to 
ttiU more certain truth. JSTow, to Agassiz, as to all genu- 
ine thinkers, the existence of God, like our own exist- 
ence, is more certain than any scientific theory, than any- 
thing can possibly be made by proof. From his stand- 
point, therefore, he was right in rejecting evolation as 
conflicting with still more certain truth. The mistake 
which he made was in imagining that there was any such 
conflict at alL But this was the unirerBal mistake of the 
age. A lesser man would have seen less clearly the higher 
truth and accepted the lower, A greater man would 
have risen above the age, and seen that there was no 
conflict, and so accepted both. All thinking men are 
coming to this conclusion now, but none had done so 
then. 
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iN'o'w, then, at last, tlie obstacle of snpeniatnr^iem in 
the realm of Katnre haTing been lemoved by the estaV 
lishment of the doctriue of correlation of natural forces, 
and the extension of this doctrine to embrace also life- 
force ; and now also a broad and firm basis of oarefnllj- 
obserred facta and well-established laws of succession of 
organic forms having been laid by Agassiz, when again, 
for the third time, the doctrine of origin of species "by 
derivation with modifications " was brought forward by 
Darwin in a far more perfect form, with more abnndant 
illDstrative materials, and with a new and most potent 
factor of modification — viz., divergent variations and 
natural selection — it foand the scientific world already 
fully prepared, and anxiously waiting. I say anxiously 
waiting — for the supposed sapematurol origin of species 
had been the one exception to the otherwise universal 
law of caose and effect, or the law of continnit;. It 
was therefore in open contradiction to the whole drift 
of scientific thought tor five hundred years. Is it any 
wonder, then, that the derivative origin of species waa 
welcomed with joy by the scientific world ? For five 
hundred years, scientific thought, like a riaing tide 
which knows no ebb, had tended thitherward with ever- 
increasing pressure, but kept back by the one supposed 
fact of the supernatural origin of species. Darwin lifted 
the gate, and the in-msbing tide flooded the whole do- 
main of thought. 

What, then, is the place of Agassiz in biological sci- 
ence ? What is the relation of Agassiz to Darwin — of 
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AgasBiziaQ development to DarwiDiati evolation ? I an- 
swer, ^t is the relation of formal science to physictd or 
caoBal eoienoe. Agassiz advanced biology to the formal 
sta^ ; Darwin carried it forward, to some extent at 
least, to the physical stage. All true iudiiotive sciences 
in their complete derelopment pass through these two 
stages. Science in the one stage treats of the lawi ot 
phenomesa ; in the other, of the causes or explanation of 
these laws. The former most precede the latter, and. 
form its foundation. ; the latter mast follow the former, 
and conatitnte its completion. The change from the one 
to the other is always attended with prodigious impalae 
to science. 

To iHastrate : Until Kepler, astronomy was little more 
than an aconmnlation of disconnected facts concerning 
celestial motions — abundant materialB, but no scienco ; 
piles of brick and stone, but no building. Kepler re- 
duced this chaos to beautiful order and musical harmony 
by the disooTery of the three great laws which bear his 
name, and therefore he has been justly called the legis- 
lator of the heavens — the lawgiver of apace. But, had 
he been asked the cause of these beautiful lavs, he could 
only have answered, "1\ie Jlrst cause — the direct -will 
of the Deity." A good answer and a true, but not sci- 
entific ; because it places the question beyond the do- 
main of science, which deals only with second or physical 
causes. But Newton comes forward and gives a physical 
cause. He shows that all these beautiful laws are the 
necessary result of gravitation ; and thus astronomy be- 
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oomea a pfaysioal soienoe. So, until Agassiz, the facta of 
geological soocessioa of organic forma were in a Bt|te of 
lawless oonfoBion. Agaasiz by establiBhing the three great 
laws of SQCCession, which oaght to bear his name, re- 
daced this chaos to order and beauty ; and, therefore, he 
might jnatly be called the legislator of geological history 
— ^the lawgiver of time. But, when asked the cause of 
these laws, he conld only answer, and did indeed an- 
swer, "The plans of the Creator." A noble answer and 
tme, bat not scientific. Darwin now oomes forward and 
giTes, partly at least, the cause of these laws. He ahowB 
that all these beaatifnl laws are explained by the doo- 
trine of "origin of species by derintion with modifica- 
tions " ; that these laws are not nltimate, bnt derivatiTe 
from more fundamental laws of life ; and thus biology is 
advanced one step, at least, toward the oansal stage. 
Newtos and Darwin snbstitated second causes for first 
oaoae — natnral for snpematoraL Tbey each in his own 
department broke the bonds of snpematnralism in the 
domain of Natnre. 

One more important reflection : There are two, and 
only two, fundamental conditions of material existence— 
apacB and tiTtie. There are, therefore, two, and only two, 
cosmoses — space-oosmos and time-coamoa. These hare 
been redeemed from confusion and reduced to law and 
order and beauty — changed from chaos to oosmoa — by 
science. For this result we are chiefly indebted, in the 
one case, to Kepler end Newton ; in the other, to Agasms 
and Darwin. The nniTersal law, in the one c 
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the law of gravitation; in the other, the law of evolution, 
Trace^ by analysis tu its deepest roots of philosopbio 
tmth, the one law may be called the divine mode of eob- 
tentation ; the other, the divine process of creation. 

Or again : we have all heard of the " music of the 
spheres " — a beantifiil and significant name used by the 
old thinkers for the divine order of Uie nniverse — a 
mnsiD heard not bj hnmaa ear, but only by the atten- 
tive hnman spirit Harmonic relation apprehended by 
reason we call Law, and its embodiment Science ; the 
same apprehended by the imagination and rosthetic 
sense, we call Beauty, and its embodiment Art, musie. 
Kow, in mnsic there are two kinds of harmony, simul- 
taneona and consecntive — cbordal harmony and melody. 
These must be combined to prodnce the grandest effeoL 
So in cosmic order, too, there are two kinds of harmonic 
relation — the co-existent in space and the consecutive in 
time. The law ot gravitation egresses the nniversal 
harmonic inter-relation of objects co-existent in space, 
the law of evolution, the universal harmonic relation of 
forms successive in time. Of the divine spheral mnsic, 
the one is the cbordal harmony, the other the consecntive 
harmony or melody. Combined they form the divine 
chorus which "the morning stars sang together," 
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CHAPTER L 
enrasAL kvidekces or btoldtiok as a uhttebbal 

LAW. 

Let nH again remind the reader that evolntion means, 
first of all, eontinuiiy. The law of eTolntion, althongh 
it donhtlesB means much more, means, first of all, a lav 
of oontiDaity, or causal relation throughout Nature, It 
means that, alike in every department of Natnre, each 
Etate or condition grew naturally ont of the immediately 
preceding. In a word, it means that, in the course of 
Xature, nothing appears suddenly and without natural 
oaase, but, on the contrary, everything is the natural and 
usually the gradual outcome of a previoos condition. 
This ia now admitted by every one in regard to nearly 
everything : evolutionists apply it to the whole coarse of 
Xature. I said this is now admitted by every one in 
regard to nearly everything ; bat this has not always 
been so. The world has come to its present position on 
this subject only by a very gradual process. Let na then 
trace rapidly the history of the gradual change, for it 
will prepare us for much that follows. 
r There was a time (and that not many decades ago) 
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irlieii all things, the origin of which traosceads our ordi- 
nary experience, were supposed to have originated sud- 
denly and vithont natural process — to have been made 
at once, out of hand. There was a time when, for ex- 
ample, mountains were supposed to have been made at 
once, with all their diTersified forms, of beetling cliSs and 
thundering waterfalls, or gentle slopes and smiling val- 
leys, juat as we now find them. But tuiw we know that 
they have become so only by a very gradual process, and 
are etill changing under our very eyes. In a word, they 
have been formed by a process of evolution. We know 
now the date of mountain-births ; we trace their growth, 
maturity, decay, and death ; and find even, as it were, the 
fossil bones of extinct mountains in the crumpled strata 
of their former places. There was a time when continents 
and seas, gulfs, bays, and rivers, were supposed to have 
originated at once, substantially as we now see thorn, 
2iow, we know that they have been changing throughout 
all geological time, and are still changing. Kot, however, 
change back and forth in any direction indifTerently and 
without goal, but gradual change from less perfect to 
more perfect condition, with more and more complex in- 
ter-relations — i. e., by a. process of evolution. We are able 
now, though still imperfectly, to trace some of the stages 
of this evolution. There was a time when rocks and 
soils were supposed to have been always rocks and soils ; 
when soils were regarded as an original clothing made on 
purpose to hide the rocky nakedness of the new-born 
earth. God clothed the earth so, and there an end. Jfoto 
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we ksoT that rocks rot down to boUb ; eoik are carried 
down and deposited as eedimente ; and sediments re- 
consolidate as rocks — the same materials being vorked 
over and over again, passing throngh all these* stages 
man; times in the history of the earth. In a word, 
there iras a time when it was thought that the earth 
with substantially its present form, coufignration, and 
climate, was made at once out of hand, as a fit habitation 
for man and animals. Now we know that it has been 
changing, preparing, becoming what it is by a slow pro- 
cess, through a lapse of time so rast that the mind sinks 
exhansted in the attempt to grasp it. It has become 
what it now is by a process of evolution. The same 
change of view has taken place concerning the origin of 
all the heavenly bodies. We may, therefore, confidently 
generalize — we may assert without fear of contradiction 
that all inorganic forms, withoat exception, have origi- 
nated by a process of eTolution7~7 

The proof of all this we owe to geology — a science 
bom of the present centnry. This science establishes 
the law of unxversai continuity of events, through infi- 
nite time, as astronomy does that of universal inter-rela- 
tion of objects through infinite space. How great the 
change these two sciences have made in the realm of 
human thought I Until the birth of modem astronomy 
the intellectual space-horizon of the human mind was 
bounded substantially by the dimensions of our eartb ; 
sun, moon, and stars, being but inconsiderable bodies 
circulating at a little distance aboat the earth, and for 
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our behoof. Astronomy was then but the geometry of 
the cnriona lines traced hj these wandering Urea on the 
ooncare blackboard of heareu. With the fiist glance 
throng^ a telescope the phases of Venos and the aatellitee 
of Jnpiter, revealed clearly to the mind the existence of 
other worlds besides and like oar own. In that moment 
the idea of ir^tts apace, full of worlds like onr own, was 
for the first time completely realized, and became thence- 
forward the heritage of man. In that moment the ini^ 
Uctudl horizon 0/ man was infinitely extended. So also 
until the birth of geology, about the beginning of the 
present century, the intellectual time-horizcn of the 
human mind was bounded by six thousand years. The 
discovery about that time of Tertebrate remmns, all 
wholly different from those now inhabiting the earth, 
revealed the existence of other tame-faunas, besides our 
own and the idea of infinite time, of which the life of 
humanity is but an epoch, was bom in the mind of 
roan ; and agwn the intellectual horizon of man was 
infinitely extended. These two are the grandest ideas, 
and their introduction the grandest epochs, in the intel- 
lectual history of man. We have long ago accepted and 
readjusted our mental furniture to the requirements of 
the one, but the necessary readjustment to the other is 
not yet oomplete. 

All inorganic forms, then, it is admitted, have oome 
by evolution. But how is it with organic or living 
forms? Let as see. 

£!very one knows, because it is within the limita 
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of ordiiiMy experience, that every individual organism 
now originates and gradually becomes what we see it, by 
a natural process — that is, by evolution. If, then, there 
be any ezoeplaon, it mnst be only the first of each kind. 
But what kind ? There are many kinds of kinds ; classes, 
orders, families, genera, species, varieties. Now, many 
of these kinds can be shown to have become what we see 
them by a gradual process similar, at least, to evolution. 
Take for example, classes. The class of fishes and the 
claas of reptiles are mow widely distinct and have little in 
common except a vertebrate structure ; but, as already 
shown, page 13, this extreme difference has not always 
existed. On the contrary, the earliest representatives of 
these two classes so merged into one another that eaoh 
seemed either. From this common stock the two classes 
were gradually separated, each going its own way and be- 
coming more and more widely distinct even to the pres- 
ent day. There can be no douht, therefore, that these two 
classes, as we now know them, have hecome what they are 
by a gradual process. Again : In the whole realm of 
Kature there is not a class more distinctly separata from 
every other and without intermediate links than birds. 
But this has not always been so. They have gradually 
become so. The earliest birds were so reptilian in struct- 
ure and appearance that if we conld see them now we 
would be in doubt whether we should call them birds or 
reptiles. Birds have gradually separated themselves from 
the reptilian stem, becoming more and more bird-like 
£rom &ge to age, until now, at last, the two classes are 
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wholly separated and the iDtermediate links destroyed. 
So far as external eharacters are concerned, birds may be 
said to hare finally and wholly released themselves from 
entangling alliance with any other class. 

Glasses, then, it will be admitted, have nndoabtedly 
become what we now know them by a very gradoal pro- 
cess following laws identical (as we have already seen, 
page 19) with the laws of evolution. ShsU we try or- 
ders ? Of the class Mammalia there are two well-rec- 
ognized and widely-distinot orders, viz., the CarniroreB 
and the HerbiTores. We ail know how widely diverse 
these are in form, in stmctore, in habits, and in food. 
Has it always been so F Have these been made so at 
once ? By no means. They have gradnaUy become so. 
The earliest mammals were neither the one nor the other 
distinctively. They were omnivores, completely interme^ 
diate in food, habits, form, and strnotare. From this 
common stock the two orders have gradually separated, 
the carnivores becoming more and more adapted to one 
mode of life and the herbivores to another, by a process 
following the laws ol evolution, as already explained. 
Shall we try families and genera f Marsh and Haxley 
have shown na how completely the horse family {Equida) 
and the borse-genns {Equua) illastrate the process of 
gradual becoming and the law of evolntion. Under their 
guidance, we see that the earliest traceable ancestor of 
the horse family, before it was distinctively a horse fam- 
ily at all, bad on the f ore-foot . five toes in the Lower 
iiocene, four toes in the Upper Eocene, and three toea in 
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the Miocene ; then we see the two eide-toes shortening np 
more and more in the Pliocene and becoming radiment^ 
arj splints, leaving only one toe in the Quaternary and 
present epochs. Thns, the aide-splinta in the foot of the 
modem horse tell the story of ite three-toed ancestry. 
Similar gradual changes are clearly traceable in size, 
shape, stmctare of limbs, of teeth, and of brain. In all 
respects the meniberB of the horse family have become 
more and more horse-like in the course of time. 

This snhject will be taken up and more fully illus- 
trated, nnder the bead of special evidences, in a anbse- 
qoent chapter. We here touch it only sufficiently to 
illustrate this uniTersal law of gradual becoming. 

We have tak^ n only a few examples, but the same is 
uudoabtedly true of all Taxonomic groups above species. 
Passing over these last for the moment, we take next races 
and varieties. These smaller groups are admitted by all 
to be formed by a natural process, because not only can 
we make them artificially, but all the intermediate links 
may be found in ^Nature. So we have only species re- 
maining. Yes; species are imagined by the old-school 
natoralist and by the anti-eTolatioulst of to-day as the 
altimate ^ments of Taxonomy. This, then, is the last 
diich upon which the defense of superuaturalism in the 
realm of Nature is made. " Other groups," they say, 
"may hare gradually become what they now are by the 
successive introduction of specific forms according to a 
preordained plan which is well expressed by the torm^ 
laws of evolution. But species are without transition 
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forma. They come in suddenly, remain unchanged vhile 
they continue, and finally pass oat suddenly, bo far as 
specific characters are concerned. New species come in 
their places by direct act of creation — by substitution, 
not by transmutation." This, then, is the laat intrencli- 
ment. Can ve give any good evidence of gradual forma- 
tion of species ? I believe we can. 

First, then, it is admitted that we can easily make 
varieties and races artificially. We will not now describe 
the process; we are all familiar with the results, viz., 
the varieties of domestic animals and of useful and orna- 
mental plants ; the extremely different breeds of horses, 
cattle, sheep, dogs, pigeons, etc. ; of wheat, cabbages, 
tnmipe ; of roses, dahlias, etc., etc. ^o one will doubt 
that the extreme varieties of any of these, say greyhound 
and pug, if wild, would be called distinct species, or 
even distinct genera. We do not call them so, for two 
reasons : first, because we see them made ; and, second, 
because we find all intermediate links between them ; 
and the usual definition of species is that they can not 
be made, and tbey have no intermediate links. Thus, 
then, the question is narrowed down to wild species^ 
They say : "We take our stand on these " (surely a very 
narrow ground tor so broad a philosophy). " We defy 
you to show gradual formation with intermediate links." 

Now, in fact, by diligent search such intermediate 
links between well-recognized species have been found in 
some cases, especially in birds, on account of their great 
power of dispersal. Certain forms have long been known 
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from widely-separated regions, and nniTerBally regarded 
as distinct species, as distinct as any. Then, by minnte 
ezamications of intermediate regions, a complete series of 
intermediate forma has been picked np. This has oc- 
cnrred not only in one case but in many cases, and not 
in birds only bot in many other classes — examples in- 
crease with our increasing knowledge.* The only answer 
to Bucli eridence is that these are not true species. Xow, 
see the fallacy Inrking here I They define species as ul- 
timate elements of taxonomy, as distinct and without 
intermediate links, and then require as to find sncb in- 
termediate links ; and, finally, when with infinite pains 
some such links are found, they say : " Oh ! I see ; we 
were mistaken ; they are only varietieB I ! " It is trne 
that naturalists, when intermediate links are found, usu- 
ally put all together as one species, bnt this they do 
purely for the sake of clearness of definition and descrip- 
tion. It is freely admitted by the evolutionist that spe- 
cies are now usually distinct and without intermediate 
links, these having been destroyed in the struggle for 
life. This will be fully explained in another chapter. 
It is also freely admitted that although intermediate 
links must have existed at one time, their remains are 
rarely fonnd. The reason of this will also be explained 
hereafter. NeTertheless, in some cases, aa already seen, 
we do find them still existing. Now, we add that in 
some cases, where they no longer exist, we find them in 

• Cope, "Sdence," toL U, p. 274, 188S. 
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the form of fossil remains. The most remarkable exam- 
ple of this is found in the gradual changes in the forms 
of Planorbis in the fresh-water deposits of Steinheim, as 
shown by the admirable researohes of Hyatt* We shall 
discuss these also more fnlly in another place. Now, if 
there be any such links at all, however rare, then every 
objection to the derivative origin of species is removed. 
Perhaps it may be well to m^e bare mention of 
another kind of evidence, viz., the actual change of spe- 
cies nnder the eyes, by the action of change of environ- 
ment. The different species of the genus Artemia (a low 
form of cmstacean) live in brine-pools. By concentrat- 
ing the brine of snch a pool, one species {A. salina) has 
been observed to change in successive generations into 
another [A. Muhlkausenii), and the latter back again to 
the former by slow freshening. f Again: The siredou 
and the amblystoma have always, nntil recently, been re- 
garded as not only distinct species, hnt distinct genera 
of amphibians. Siredon was supposed to be a permanent 
gill-breather, while amblystoma becomes by metamorpho- 
sis a pnre air-breather. Kow, however, it is known that 
the former may change into the latter. Bat the most 
oarions part of the life-history of these animals, is that 
if water be abnndant the siredon reprodaces freely, and 
remains indefinitely a gill-breather ; but if the water 
dries up it changes into the Inng-breathing amblystoma. 

'Boston Society of Natural History — onniTereaiy momolr, 1G80 
jLUo, " American XatuniUst," June, 1883. 
t " Arcliires des Sciences," vol, liv, 1S75. 
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We do not give thia as examples of change of apeciea, 
for the change is in the individual life, and therefore in 
the natnre of metamorphosis, but as evidence of the 
power of physical conditions in modifying the develop- 
ment of organic forma and therefore of the manner in 
which gill-breathers were probably transformed into air- 
breathers. 



To sum up : 1. All inorganic forme, without excep- 



tion, have become what we find them by a natural pro- 
cess — i. e., by evolution. 8. All organic or living forma 
within the limits of observation, i. e., every living thing, 
has become what vre now see, by a gradual, natural pro- 
cess — i. e., by evolution. 3. All taxonomiq groups, except 
species, have undoubtedly become what we now see them 
by a gradual process, following the laws of evolution, and 
therefore presumably by a natural process of evolution. 
4. By artificial means, breeds, races, etc., very similar, 
at least in many respects, to species, are seen to arise by a 
gradual natural process — i. e., by evolution. 5. In some 
instances, at leaat, natural species are observed to pass 
into one another by intermediate links in such wise that 
we are forced to conclude that they have been formed by 
a natural process. | 

May we not, then, safely generalize, and make the 
law universal F Is not this a sufficient ground for confi- 
dent indnotion ? Even though some facts are atill inex- 
plicable, is that a sufficient reason for withholding assent 
to a theory which explains so much ? In all induction 
we first establish a law provisionally from the observation 
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o{ a comparatively few facts, and then extend it over a 
multitude of lactB not included In the original indaction. 
If it explains these also, the law la verified. The law of 
gravitation was first baaed on the observation of a few 
facts, and then verified by its explanattoa of nearly all 
the facts of celestial motion. There are some ontetand- 
ing facts of celestial motion still nnexplained, bat we do 
not, therefore, doubt the law of gravitatioQ. The same 
principle applied in biology onght to establish the law of 
evolution, for it also explains all the facts of biology as 
no other law can. Bat inductive evidence differs from 
other kinds of evidence in one respect, which, in fact, 
ooBstitutes its strength to the scientific, bat its weakness 
to the popular mind. It is a kind of circumstantial evi- 
dence, but its force does not consist in a few strong cir- 
cumstances easily appreciated, such as strike the popular 
mind, and force conviction, but rather in a mnltitude of 
small circumstances, each by itself insignificant, bat all 
together pointing to one conclusion and demanding one 
explanation. Such evidence is, indeed, overwhelming, 
but only to the mind that masters it. The evidence for 
the law of gravitation is literally the whole science of as- 
tronomy. So also the evidence for the law of evolution is 
the whole science of biology. Neither of these laws can 
be proved in a debating society, but only by a coarse of 
study. In the one case the law has been universally ac- 
cepted — not, however, on evidence, for there are few in- 
deed who appreciate the evidence, bat on the authority 
of scientific unanimity. In the other case there has not 
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yet been time enongh for the already establislied onanim- 
ity to haTe its fall effect. 

Thns much, ve believe, will be generally admitted as 
a Tery moderate claim. Evolntioa ia certainly a legiti- 
mate induction from the facts of biology. Bnt we are 
prepu«d to go much fnrtber. We are oooQdent that 
eTolntion is absolutely certain. Not, indeed, erolntion as 
a special theory — Lamarckian, Darwinian, Spencerian — 
for these &re all more or less soccessful modes of explain- 
ing evolution ; nor evolntion as a school of thought, with 
its following of disciples — ^for in this sense it is still in 
the field of discussion — ^bnt evolution as a law of deri- 
vation of forms from previons forms ; evolntion as a law 
of continuity, as a umTersal lav of becoming. In this 
sense it is not only certain, it is axiomatic. It is only 
necessary to conceive it clearly, to see that it is a neces- 
sary tmth. This may seem paradoxical to some. I stop 
to justify it. 

Physical phenomena we all admit follow one another 
in unbroken snccesaioD, each derived from a preceding, 
and giving origin to a succeeding. We call this the law 
of causation, and say that it is axiomatic. We might call 
it a law of derivation. So also organic forms follow 
one another in continuous chain, each derived from ft 
preceding and giving origin to a succeeding. We call 
this a law of derivation. We might call it a law of causa- 
tion, and say that it too is axiomatic. The origins of 
new phenomena are often obscure, even inexplicable, 
but we never think to doubt that they have a natural 
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caoBe ; for BO to donbt is to dotibt the validity of reason, 
and th« rational constitution of Nature. So also the ori- 
gins of new organic forms may he obscare or even inex- 
plicable, hut wo OQght not on that acoonot to donbt 
that they had a natural caose, and came hy a natural 
prooese ; for bo to dotibt is also to doubt the validity of 
reason, and the rational oonetitntion of organic Nature. 
The law of evolution is naught else than the scientific or, 
indeed, the rational mode of thinking about the origin of 
things in every department of Nature. Id a word, it ia 
naught else than the law of necessary causation applied 
to/orms instead of phenomena. Evolution, therefore, is 
no longer a school of thought. The words evolulioniam 
and evolutionist ought not any longer to be used, any 
more than gravitatiomsm and gravitationist ; for the law 
of evolution is as certain as the law of gravitation. Nay, 
it is far more certain. The nexus between successive 
events in time (causation) is far more certain than the 
nexus between coexistent objects in space (gravitation). 
The former is a necessary truth, the latter is usually 
classed as a contingent truth. I have used and may 
continue to use the term evolutionist, but if bo it ia 
only in deference to the views of many intelligent per- 
sons, who do not yet see the certainty of the law. 



UigniaOb, Google 



CHAPTER n. 

8FZCIAL FOOOFS OP BVOLimOK. 

Introductory. 

It will be seen from the preceding chapter that we 
regard the law of evolntioii in its wider Benee, tIz., the 
deriTatiTe origin of all forms, organic or other, as axio- 
matic, and therefore requiring no farther proof. Among 
Bcientific men there is no longer any discussion of the 
truth of this law, bat only of the theories of the causes 
of the law. We believe that to the scientific mind there 
is no other rational mode of looking at the sabject of 
origin of organic forms. To each a mind, therefore, all 
that follows is but the deductive application of that law 
in the explanation of the phenomena of organic Natare. 
Bat it takes time for the popolar mind to readjust it- 
self to new and revolatioQary trath. Many minds, even 
among the most intelligent, have not yet accepted this as 
the only rational mode of thoaght. Many men require 
iurther special proof 8 of the derivative origin of organic 
forms. Even to those who accept evolution, these proofs 
will be interesting as illustrations of snch origin. We 
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will attempt to bring out these proofs under Beveral 
heads, the moat important of which are : 1. Proofs from 
morphology, or the general lawB of animal stmotnre ; 2. 
Proofs from embryology ; 3. Proofs from geographical 
' diatribntioD of organic forms ; and, 4. Proofs from artifi- 
cial breeding. The snbject is so Taat that all ve can do 
is to tonch lightly only the most salient points nnder 
each of these heads ; for, as we have already said, the evi- 
dence is really nothing less than the whole science of 
biology. Preparatory to this, however, it is necessary to 
bring ont a little more folly than before (page 29), 
tboogh still only in outline, the two antagonistic views, 
which may be called the old and the new, or the nataral 
and the supernatural, of the origin of new org^o forms, 
especially species. 

Origin of Mew Organic Forms; the Old View briefly 
stated. — Aocording to the old-school naturalists, species 
are the ultimate elements of taxonomy : genera, families, 
orders, etc., may gradually change their character from 
age to age, by the introduction of new species ; but spe- 
cies were supposed to be substantially ^ermafl^n^. It was 
necessary to have some unit for convenience of descrip- 
tion and classification, and this was found to be the best 
because most stable. As in nearly all cases of beliefs, 
this doctrine was held at first somewhat loosely, as a pro- 
visional and convenient view — as a good working hy- 
pothesis—but gradually, nnder pressure of controversy, 
became more strictly formulated, and, as it were, hard- 
ened into a Eoientific dogma, especially in the bands of 
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AgasBiz. According to this -new, the first pair or pain 
of each specific kind originated we know not bow, bnt 
certainly at once in its present form in full perfection, 
and, therefore, presumably by direct creative act of 
Deity ; and then afterward by the law of generation con- 
tinued to prodnce others of the same pattern indefinitely. 
MoreoTor, the first one or more pairs of each kind mnlti- 
plied and epiead abroad in every direction, each from its 
etun center of origin, ae far aa physical conditions and 
struggle for life with other species would allow. This 
idea explains tolerably well the geographical distribntion 
of species as we now find it. For example, species on 
different continents are widely different, because those 
on each have originated independently where we now 
find them, and spread in all directions as far as physical 
conditions would allow, but could not reach other con- 
tdnents because of the ocean-barrier. That this is the 
only reason they are not there, is shown by the fact that, 
if they are carried there, they usually do perfectly welt. 
Eren on the same continent, for the same reason, species 
may be very different if separated by impassable barri- 
ers snch ae high mountain-chains or by climate. But 
wherever one group of species, originating in one place, 
oomes in contact on the margin of their range with 
another group of species originating in another place, 
Ve see no evidence of transmutation of one form into 
another, bnt only substitution of one fully-formed spe- 
cies /or another equally fully formed. Therefore, we 
must conclude that physical conditions may limit Che 
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range of a species, but can not transmute it into another. 
Tims, to sa; the least, man; of the facts of geographical 
distribotion are well explained by this idea of oreatiTe 
origin in specific centers and subsequent permanence of 
specific form. We say many of the facts ; we will show 
hereafter that not all can be thns explained. 

Bat the main question is not of geographical bat of 
geological distribution ; not distribution in space, but 
saccession in time. Species do not continue forever. On 
the contrary, they have changed many times in the 
course of geological history. As conditions become un- 
favorable, species die out or become extinct, and others 
take their place and carry forward the life and develop- 
ment of the organic kingdom. Now, how do they 
change ? According to this school of thought, here also, 
as in geographical distribution, they are not transmuted 
but replaced ; here also physical conditions may destroy 
a species, bnt can not transform it into another. As spe- 
cies die out, others are created at once, oat of band and 
fully formed in their place; bat in accordance with a 
preordained plan consistently carried out and working 
ever toward higher and higher conditions. Thus, life is 
continued on the earth by the alternation of supernatu- 
ral and natural proceBses ; by the alternate use of direct 
and indirect action of Deity : direct in the introduction 
of first pairs, indirect through the natural process of re- 
production in the continuance and multiplication of the 
species. Each species is made according to a pattern in 
the Divine mind, on a sort of intellectual die, and then 
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ooDtinaes to reproduce s sacoeHsioii of individualB of the 
same pattern as if strack from the same die until the die 
is broken or worn out. Another die ia made, of another 
pattern, and indiTidaals are strack from this ; and so on, 
thronghoat the whole geologic^ history of the organic 
kingdom. Only, we must add that the snccessire dies 
are made to follow one another according to a plan which 
is expressed by the three laws already given on page 11. 
Thus, the origin of individualB is natural, the origin 
of species supernatural ; the making of dies is supernatn- 
ral, the coinage is natural. 

We have stated this view in a too extreme fonn, in 
order to make it clearer. We now, therefore, proceed to 
qnalify somewhat. Specific types were held, by writers 
of this school of thought, to be substantially but not 
absolutely unchangeable. Saccesaive individuals of the 
same species were admitted to be not exactly alike. 
Snch slight differences were called varieties. It was ad- 
mitted, indeed, that species varied, but it was believed 
that snch variations in any direction were strictly limited 
in amount. A species may be compared to a right cyl- 
inder standing on end. Aa such a cylinder may be tilted 
slightly in one direction or another, without overthrow- 
ing its equilibrium, the cylinder tending ever to right 
itself and return to its original position, so a apecies 
may be varied slightly in one direction or another with- 
out destroying its integrity, the species tending ever to 
return to iia uonnal or typical form. But as the cylin- 
der, if pushed too far from its aormal position, is over- 
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thrown, so also a speoies, if pressed too d!ar in the way of 
variation from its typical form, is destroyed, hut not 
changed into another species. As cylinders may be more 
or less rigid, depending npon the breadth of their baeee, 
BO also some species are more rigidly set in their typical 
form, and some are more plastic to inflnences causing 
Tariations, bnt in all oases there is a limit to the amonnt 
of oscillation coneistent with integrity. 

The New View briefly stated.— According to Darwin, 
and all biologists of the present day, species are variable 
without limit, if only the causes of change are constant and 
Blow enough in their operation, and the time long enongh. 
A species mnst be in harmony with its environment, for 
this is the condition of its existence. Now, if the envi- 
ronment change, the species must tend to change slowly 
from generation to generation, so as to readjust its rela- 
tions in harmony with the changing environment If 
the change of environment be slow, tlie readinstment 
may be successful, and the species will change gradually 
into' another form, so different that it will be called a 
different species, especially it the intermediate gradations 
be destroyed. If the change in the environment be too 
rapid, many species, especially the more rigid, will be 
destroyed, while the more plastic may survive by modifi- 
cation. Thus, at every st«p in the evolution of the or- 
ganic kingdom, some species have died without issue, 
-while others have saved themselves by changing into new 
forms in harmony with the new environment. Compar- 
ing to a growing tree, some branches overshadowed die. 
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while others push on for light, forming new lateral bnda, 
and diTidiag as they grow. By continued diTergent 
change apecies gradually become genera, genera families, 
etc Thus, Tarieties, species, genera, familiee, orders, 
classes, etc, are only different degrees of differences 
formed all in the same way. Varieties are only com- 
mencing species, species commencing genera, and so on. 
There is no making and wearing out of dies, and making 
of new ones ; the whole process is a natural one — the 
whole series ia genetically connected. In a perfect classi- 
fication Tarieties, species, genera, families, orders, classes, 
etc., are only difierent degrees of blood-kinship. 

So much may be regarded as certain, and ont of the 
field of discussion among biologists of the present day. 
It is only in defining this process, more accurately, and 
especially in the theory of the causes or factors of evolu- 
tion, that there are still difference and discuesion. The 
most probable view on this subject we now proceed to 
give. 

Facrtors of EvolntioB.— The causes of change or adapt- 
ive modification, or the factors of evolution, are at least 
four well known, and probably many more still un- 
known : 1. The physical environment — heat and cold, 
dryness and moisture — affects function of organs, and 
function affects stmctare, and both changed function 
and changed structure are inherited by offspring, and 
so increased from generatioQ to generation, becoming 
greater without limit. 2. Increased use or disuse of 
organs enforced or permitted by change in the environ- 
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ment, physical or organic, or both, inducea change ia 
form, size, and stmctnre of the orgatiB ; and this change 
is inherited by the offspring, and eo from generation to 
generation small differences are integrated until they be- 
come great vlthont limit. These two factors were recog- 
nized by Lamarck. 3. "Natnral selection," or "Burviyal 
of the fittest," among divergeot varietieB of offspring. 
This is the distinctive Darwinian factor. In the two 
preceding factors the change is daring the individual 
lifetime, and reproduction is supposed to transmit it nn- 
cbanged to the offspring. In this factor, on the con- 
trary, the form and straotnre are supposed to remain un- 
changed during the icdividnal life, but for some unknown 
cause there are slight Tariations in different directions 
(divergent) in the offspring from the same parents. 
Now, when we remember that by reproduction the nom- 
ber of individuals tends to increase by geometrical pro- 
gression, and that in each generation only a very few (on 
an average only two from aSl the offspring of one pair) 
can Burvive, it is evident that among these divergent va- 
rieties those will most likely Burvive which are most in 
harmony with the external environment, and which pos- 
sess the most efficient organs of defense or of CBcape, or 
for food-taking. The surviving offspring, therefore, will 
be on the average better in these respects than their par^ 
enta. It matters not how little better, for the integration 
of even infinitesimal improvements from generation to 
generation will eventually produce any required amount 
of change, i. To the above Darwin has added also 
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"texual selection." In natural Beleotion there is ebuggle 
of aU for food, or means of living. In seznal selection 
there is a Btmggle among the males for pOBsession of the 
female, and the means of procreation. The one is con* 
nected with the imtritiTe appetite, the other with the 
reprodactive appetite. This mode of selection acta in two 
ways, by the law of battle and the law of attraotiTeness. 
The strongest or the most attractive males alone, or 
mainly, leave offspring, which, of coarse, inherit their 
peculiarities ; and these are increased indefinitely by 
integration through snccessive generations, thus increas- 
ing the strength or the beauty. Of these two lans, the 
law of battle is most conspicaous among mammals, and 
the law of attraotiTeness among birds. It is evident that 
this factor can not operate among many lower animals 
which are hermaphroditic, nor among plants. 

Of these acknowledged factors of evolution, the first 
two were known to Lamarck and the older evolntionists. 
The third and fonrth are distinctively Darwinian. Ac- 
cording to Darwin, while all these are operative, the third 
is the most powerful ; but Spencer accords this distinc- 
tion to the Lamarckian factors. Many American zofilo- 
gists take the same view. 

Such until very recently were all the recognized fac- 
tors of evolution. But, within the past year (1886) has 
taken place, it seems to us, the most important advance 
in the theory of evolution since Darwin. It is the sugges- 
tion by Mr. Oatchpool, * and afterward the more full elab* 

» " NWure," ToL n»i, p. i, 18M. 
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oration bj Dr. Bomanea, of another factor, which he calls 
"physiological selection."* 

The great objections to the snfBciencv of the theory 
of evolntion, as left by DarwiD, were twofold : 1. While 
natural selection accounts completely for the formation 
of useful structures or adaptive modifications, and 
therefore for differences characterizing classes, orders, 
families, and even genera — for these ore all adaptive-^ 
it can not so completely account for those constitut- 
ing species ; for these consist mostly of trivial differ- 
ences in coloration, relative proportion of parts, which 
are of »o perceivable use in the straggle for life, and 
therefore could not be preserred and integrated by 
natural selection. Therefore, according to Romanes, 
natural selection is a theory of origin of adaptive stmct- 
nres rather than of origin of species. Comparing to a 
growing tree, once admit lateral buds started, and nat- 
ural selection completely accounts for the growth in dif- 
ferent directions, and therefore for the profose ramitict^ 
tloD ; but the origin of the lateral buds is not explained. 

2. The second difficulty is as follows : Snoh com- 
mencing differences as constitute Tariedes and species 
not only would not be preserved and integrated by nat- 
ural selection unless useful, but would immediately be 
swamped by cross-breeding with the parental form. But, 
as the whole divergence commences in varietieB, eiri- 

• See abstract of Dr. Romanea's yiewB, " Nature," vol. iiiit, pp. S14, 
836, 302. Also, discutieioQB of the Muoe bj UeldoU, Gallon, WbUboc^ 
etc. Id [mmediatulj Bubacquent numbors. 
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dentlj it coold not commence at all unless this cross- 
breeding be in some way preveated. This may, indeed, 
be done, irithont the a^nmption of any new factor of 
evolntion, by migration; and, hence, migration must be 
regarded as an important agent in the creation of new 
iorms, not only by the effect of a new environment, bat 
also by prevention of the swamping of commencing 
species by cross-breeding with the parental form ; bnt in 
a crowded locality, without oatlet for migration (the very 
conditions most favorable for severe competitive strug- 
gle, and therefore for most potent operation of natural 
selection ; and therefore, also, according to Darwin, tor 
profnse diversification), commencing varieties coald not 
pass into species, because swamped by cross-breeding. 
Once the divergence reaches the point of cross-sterility 
— ^i. e., of species — then, indeed, by true breeding, charac* 
tars, even though not useful, may be preserved. But 
how is it to commence ? 

This difficulty has been severely felt by all Darwin- 
ists. It seems to ns that it is largely met by Dr. Bo- 
manes. According to Romanes, no organ is so sabject 
to varietal changes as the reproductive, and these in no 
respect so much as in degrees of fertility. Unfortunate- 
ly, these changes are not visible, and must be jndged of 
only by the resnlts. It is not uncommon, for example, to 
find sterility between individuals (seiual incompatibility) 
who are both of tbem perfectly fertile with other indi- 
viduals. Similarly, cross-sterility, partial or complete, is 
not naoommon between varieties or races, as Hr. Darwin 
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has long ago noticed. It very geDeially, as ve knov, 
occurs between, and, in fact, is constantly used as s test 
of, species. Now, this cross-sterility with parent stock, 
which we find bo constant a character of species, and 
which, therefore, must have commenced as a partial cross- 
sterility in Tarieties, is it antecedent or consequent to 
other variations f It has been nsaal to suppose it conse- 
qaent to a certain amonnt of divergence, viz., that which 
constitutes, or at least approaches, species. Bnt, accord- 
ing to Bomanes, it is antecedent. Among many other 
variations, this is that one which originates species, be- 
canse it prevents reversion by cross-breeding with the 
parent stock, and insnres tme breeding with its own 
kind. In a word, it sexaally isolates the species. Sup- 
pose, then, a species maltiplying indefinitely in one lo- 
cality : trivial variations of many kinds, and in many 
direotions, occnr among the offspring. These are merged 
by cross-breeding into the original type, which, there- 
fore, remains unchanged. But, from time t» time, among 
these variations there occur some affecting the reproduc- 
tive organs in such wise as to produce partial or complete 
croBS-sterility with the parent form. This is the begin- 
ning of a new species. It breeds tme with its own kind, 
and therefore all the associated variations ext«mal and 
visible, and therefore constitnting species, although triv- 
ial and of no use in the struggle for life, are preserved. 
This view completely accounts for the cross-fertili^ 
of artificial breeds eqaivalent in other respects to species ; 
for cross-sterility is not an end umed at by the breeder, 
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it beiDfr easy to prevent oross-breeding, if desired, by 
artificial isolation. But, if this view be true, species 
^m widely-different geographical regions ought also to 
be often cross-fertile, because, having been formed by 
geographical isolation, sexual isolation was not a neces- 
sary factor in their formation. This point deserres test- 
ing by careful observation. 

It may be, and has been, objected to Dr. Bomanes's 
claims, that this is no new factor; that physiological 
selection is only a form of natural selection. This objeo- 
tion, it seems to as, is little more than a play upon 
words. It certainly is selection, and by a natural pro- 
cess, and therefore in some sense a natural selection, but 
not in the sense of Darwin. It is not a selection of indi- 
Tidnals fittest to survive ; for cross-fertile individoals are 
as fit to survive as individuals, though not as species, as 
are eross-sterile. Natural selection is intent only on pre- 
serving the best individuals ; physiological selection on 
preserving the kind. Natural selection continues the 
direction of progress anchanged ; physiological makes 
new directions. 

In addition to all these factors of organic evolution, 
there is still another far higher factor characteristic of 
man alone. This is the conscious, voluntary co-operation 
of the thing evolving — the spirit of tnan — in the work of 
its own evolution. This may be called the rational factor. 
This, the most important factor of human evolution, is 
usually ignored by writers on evolution — either as non- 
ezifitent, or else as lying beyond the domain of science. 
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We will emphasize its importance by taking it up more 
fully in the next chapter. 

It will be observed that Darwin and his followers take 
divergent variations of offspring simply as a known fact, 
upon which natural selection operates to produce pro- 
gressive modification; and, as the cause of variation in 
offspring is wholly unknown, such variations are often 
spoken of as fortuitous. Sut, of course, it is well nnder- 
stood that nothing in Nature is really fortuitous. They 
may, however, for all purposes of natural selection be 
thus regarded until we know their cause. It is evident, 
then, that if we, with Darwin, take natural selection, aa 
the most important known factor, the really most impor- 
tant cause of evolution is the cause of varieties. This is 
the un&ttown fundamental factor. As Darwin reduced 
Agaseiz's three formal laws of succession to more general 
laws of life, and thus made one important step in the 
advance of biological science, so he who shall explain tha 
cause of divergent variation will make another important 
step by reducing the phenomena to still more general 
and fundamental laws of life. 

In conclusion, let me ^ain impress upon the reader 
that all the doubt and discussion, above described, as to 
the factors of evolution, is entirely aside from the truth 
of evolution itself, concerning which there is no differ- 
ence of opinion among thinkers. 
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We have given in the previous chapter six factors of 
evolution — viz. : 1. Pressure of the environment. 2. Use 
and disuse of parts. 3. Natural selection. 4. Sexual 
selection. 5. Physiological selection. 6. Reason. Let 
us now compare these as to their grade in the scale of 
energy and as to the order of their introduction. 

The first two or the Lamarckian factors are the low- 
est in position, the most fundamental and universal, and 
therefore the first in the order of appearance. They pre- 
cede all other factors, and were doubtless for a long time 
the only ones in operation. For, observe, all the selective 
factors — i. e., those of Darwin and Romanes — are condi- 
tioned on reproduction ; for the changes produced by these 
are not in the individual during life, but in the ofCspring 
at birth. And not only so, but the Operations of these fac- 
tors are further conditioned on sexual modes of reproduc- 
tion; for all the non-sexual modes of reprodnction — as, 
for example, by fissure and by budding — are but slight 
modifications of growth, and the resulting multitude of 
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organisdis may be regarded as in some seose only an ex- 
tension of Ike first individual. Of course, therefore, the 
identical characters of the first individual are continued 
indefinitely, except in so far as they are modified la suc- 
cessire generations by the effect of the environment and 
by use and disuse — i. c, by tbe Lamarckian factors. In 
sexual generation, on the contrary, the characters of two 
diverse individuals are funded in a common offspring; 
and the same continaing through successive generations, 
it is evident that the inheritance in each individual off- 
spring is infinitely multiple. Nov, tbe tendency to vaTia- 
Hon in offspring is in proportion to the multiplicity of 
the inheritance: for among the infinite number of slight- 
ly differing characters, as it were, offered for inheritance 
in each generation, some individuals will inherit more of 
one and some more of another character. In a word, 
sexual reproduction by multiple inheritance tends to varia- 
tion of offspring, and thus furnislies material for natural 
selection* 

Thus, then, I repeat, all the selective factors are ab- 
solutely dependent on sexual modes of reproduction. 
But there was a time when this mode of reprodnctioD 
did not yet exist.f The sexual modes developed out of 
non-sexual modes. If these non-sexual preceded sexual 
modes of reproduction, it is evident that at first only 
Lamarckian factors could operate. Evolution was then 

* This subject is more fully treated In chtipter IX, p. 240 H t«q. 
+ See an article entitled " Geoesia ot Sei," " Populu Sdeow 
Honlhly," 1879, voL tvi, p. Ifll. 
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carried forward wholly by changes in the individual pro- 
duced by environment and by use and disuse (acquired 
characters), inherited and increased by integration 
tlirough successive generations indefinitely. It is prob- 
able, therefore, that the rate of evolution was at first 
comparatively slow ; unless, indeed, as seems probable, the 
earliest forms were then and the loiaest forms are noja 
more plastic nnder the influence of physical conditions 
than are the present higher forma. Doubtless, now, in 
the higher animals and plants, the Darwinian factors are 
by far the most potent ; for, among plants, where we can 
use these, factors separately, if wc wish to mate varieties, 
we propagate by seeds (sexual reproduction) ; but, if we 
wish to preaer'* varieties, we propagate by buds and cut- 
tings (non-sexual reproduction). 

I have takfin the two Lamsrckian factors together, 
and shown that they preceded the Darwinian. Bat even 
in the two Lamarckian factors there is a difference in 
grade. Undoubtedly the lowest, the most fundamental, 
and therefore the first introduced, was pressure of the 
physical environment. For use and disuse of organs 
implies some degree of volition and voluntary motion, 
and therefore already some advance in the scale of evo- 
lution. 

With the introduction of sex another entirely differ- 
ent and higher factor was introduced, viz., natural selec~ 
Hon, or selection of the fittest individuals of a varying 
progeny. AVe have already seen how sexual generation 
produces variation of offspring, and how this fomiahes 
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materiala for natural selection. As soon, therefore, as 
this form of generation was evolved, this higher factor 
came into operation and immediately assumed control ; 
while the previous factors became subordinate, though 
still underlying, conditioning, and modifying the activity 
of the higher. The xesalt waa an in Is 'e increase in 
the rate of evolution. It is very worthy of note that it 
is in the higher animals, such as birds and mammals, in 
which we have only the highest forms of sexual repro- 
dnction, where the diversity of characters of the two 
sexes funded in the offspring is the greatest, and where, 
therefore, the variatioa in offspring is "^fai.spiyil^L^nd 
natural selection most active ; it is p ^ cisely among these 
that the Lamarckian factors are n ;t feeble, because, 
during the most plastic period of I'ff ,, the offspring is 
removed from the influence of the ph- sical environment, 
and from use and disuse by its ii;' .-i;losure within the 
womb, or within a large egg sarroui 'o^fl nth"'. abundant 
nutriment. Development is already ^.-ell advanced before 
Lamarckian factors can operate at alt. 

Next, I suppose, physiological selection, or Romanes's 
factor, came into operation. After the introduction of 
sex, it became necessary that the individuals of some 
varieties should be isolated in some way, so as to prevent 
the swamping of varietal characters, as fast as formed, in 
a common stock, by cross-breeding. In very low forms, 
with slow locomotion, such isolation might easily take 
place accidentally. Even in higher forms, changes in 
physical geography or accidental dispersion by winds and 
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currents would often produce geographical isolation, and 
thus, by preTentiiig crossing with the parent stock, secure 
the formation of new species from such isolated varieties. 
But, in order to insure in all cases the preEervation of 
commencing species, sexual isolation, or partial or com- 
plete infertility ' some rarieties with other varieties and 
■with the parent , . /ok, was introduced, as I suppose, later. 
The process by which this takes place has already been 
explained. According to Komancs, natural selection 
alone, with cross-breeding, tends to vwnolypal evolution ; 
isolation of some kind is necessary for polytypal evolu- 
tion. The tree of evolution, under the influence of nat- 
ural selection aloni grows, palm-hke, from its termhtal 
hid; isolation of v 'ietiea was necessary for the starting 
of lateral buds, and thus for the profuse ramification 
which is its most , conspicuous character. 

Next, I supposivwas introduced sexual selection. Of 
contest among the ,; ■'ales, by battle or by display, for pos- 
session of the femtu^g, and the success of the strongest or 
the most attractive ; and the perpetuation and increase of 
thrae superior qualities of strength and beauty in the 
next generation. This, I suppose, was later, because con- 
nected with a higher development of the psychical na- 
ture. This is especially true where splendor of color or 
beauty of song determines the selection. As might be 
supposed, therefore, this factor is operative only among 
the highest animals, especially birds and mammals.* 

•Mr. Wallace has recentlj, ia his work on "DarwiniBm," taken 
itroDg ground against this Danrinlon factor. He thintfl, for ewunpla, 
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Next and last, and oqI; vith the appearance of Matt, 
another entirely different and far higher factor was intro- 
duced, viz., cotiscious, voluntary co-operation in the work 
of his own evolution — a conscious, voluntary striving to 
attain an ideal. We have called this a factor, but it is 
much more than a mere factor, co-ordinate with other 
factors. It is, rather, a different kind of evolution. It is 
evolution on a higher plane and by another nature. As 
physical Nature works unconsciously, using certain fac- 
tors, so spiritual nature works consciously, co-operating 
and using the same factors. At first this factor, if we 
still call it so, was extremely feeble. In the early stages 
of his progress, mau, like other animals, was lat^ely 
urged on by forces of organic evolution, unknowing and 
uncaring whither he tended. But more and more, as 
civilization advances, this higher and distinctively human 
factor becomes more and more dominant, until now, in 
civilized communities, it takes control of evolution. 
Keason, instead of Nature, now assumes control, though 
Btill using the methods and factors of Nature. This/rce, 
self-determined evolution of the race, in order to distin- 
guish it from the ■necessary evolution of the organic 
kingdom, we call progress. 

Now, in this whole process we observe two striking 

that seiuftl vigor ia tlie cause ot both the splendor o( color and the 
pertimtuitj which secures the female. We see little difference in this 
vay of putting it. Our object, however, is not to Kt^e the questica 
of wbst are true factors, but Bimpl; to give the most accepted, and, 
as it Eeems to us, also tlie most probable view. 
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Btagea. The one is the introdnction of eex, tho other is 
the introduction of reason.* They may be compared to 
tvo eqiiaUy striking stages in the development of the 
individual. As the onto(/enic evolution receives fresh 
impulse at the moment of fertilization, so the evolution of 
the organic kingdom reoeives fresh impulse at the mo- 
ment of introduction of sex. As in ontogenic evolution 
the individual at birth enters upon a new and higher 
plane, in which it co-operates in its own physical growth, 
HO the organic kingdom, with the introduction of man, 
enters upon a new and higher plane, in which man co- 
operates in the physical and spiritual growth of the race. 
With sex three new and higher factors were introduced, 
and these immediately assumed control and quickened 
the rate of evolution. With reason another and infinitely 
higher factor is introduced, which, in ita turn, assumes 
control, and not only again quickens the rate, but ele- 
vates the whole plane of evolution. Moreover, this volun- 
tary, rational factor not only takes control itself, but 
transforms all other factors and uses them in a new way 
and for its own higher purposes. 

This last is by far the greatest change which has ever 
occurred in the history of evolution. In organic evolu- 

• By reaton I mean the fscuUy trf dealing with the phenomenB of 
the inner vxrrM of tontdoatnea and idem. Animals live ill one world 
— the outer world of leme; nlan in two — the outer world of sense, 
like animals, but also in an innec and higher world of idea*. All that 
is cbanioteristio of man comes of this capacity of dealiag with the 
tnner world. Id default of a better word I call it reason. If an; one 
DSD suggest a better word, I will gladtj adopt it. 
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tion Nature operates by necessary law withont the con- 
scious Tolontwy co-operation of the thing evolving. In 
hnman progress man volantarily co-operateB with Nature 
in the work of evolution, and even assumes to take the pro- 
cess mainly into bis ovrn hands. Organic evolution is by 
necessary law, hnman progress hj free or at least by freer 
law. Organic evolntion is by a pushing upward and 
onward from helow and behind, hnnfau progress by a 
drawing upward and onward from above and in front by 
the attractive force of ideals. In a word, organic evolution 
is by the law ot force, human evolution by the law of love. 
It may be well to stop a moment and show briefly 
some of the differences between organic and human evo- 
lution — differences which are, 6t course, wholly the result 
of the introduction of this new factor : 

1. In organic evolution ^'- the fittest" am those most in 
harmony with the physical environment, and therefore 
they survive. In human evolution the fittest are those 
most in harmony with the ideal, and often, especially in 
the early stages, when the race is still largely under the 
dominion of organic factors, they do not survive, because 
not in harmony with the social environment. But, al- 
though the fittest individuals may indeed perish, the ideal 
survives in' the race and will eventually triumph. 

2. In organic evolution the weak, the sick, the help- 
less, the unfit in any way perish and ought to perish, be- 
cause this ia the most efficient way of strengthening the 
blood OT physical nature of the species, and thus of carry- 
ing forward evolntion. In human evolution the weak. 
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the helpless, the sick, the old, the ncfit io any way are 
snstained and ought to he sustained, because sympathy, 
love, pity, strengthen the gpirit or vwral nature of the 
race. Bnt let ns remember that in this material world of 
ours and dnring this earthly life the spirit or moral nature 
is conditioned on the physical natnre ; and, therefore, in 
all our attempts to help the weak we must be carefnl to 
avoid poisoning the blood and weakening the physical 
vigor of the race by inheritance. This gravest of social 
problems, viz., How shall we obey the higher law of love 
and mutual help without weakening the Hood of the race 
by inheritance and the spirit of the race by removing the 
necessity of self-help? — this problem, I believe, can and 
will be solved by a rational education, physical, mental, 
and moral. I only allude to this. It is too wide a field to 
follow up here. 

3. In organic evolution the bodily /orm and structure 
must continually change in order to keep in harmony 
with tha ever-changing environment. In other words, 
organic evolution is by continual change of species, 
genera, families, etc. There must be continual evolution 
of new forms by modification. lu human evolution, on 
the contrary, and more and more as civilization advances, 
man modifies the environment so as to bring it into har- 
mony vrith himself and his wants, and therefore there is no 
necessity of change of bodily form and structure or mak- 
ing of new species of man. Kuman evolution is not by 
modification of /orm — new species; but by modification of 
spirit — new planes of activity, higher character. And the 
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gpirit is modided and character elevsl^d, not hj pressure 
of an exlamal physical environment, but by the attractive 
force of an internal spiritual ideal. 

4. The way of erolutioQ toward the highest — i. e., from 
protozoan to man and from lowest man to the ideal, the 
divine man — is a very straight and narrow way, and few 
there be that find it. In the case of organic erolution it 
is so straight and bo narrow that any divergence there- 
from is fatal to npward movement toward man. Once 
get off the track, and it is impoasiUe to get on again. No 
living form of animal is on its way manward, or can by 
any possibility develop into man. They are all gone out 
of the way. There is none going right; no, not one. 
The organic kingdom developing through all geological 
times may be compared to a tree whose trunk is deeply 
buried in the lowest strata, whose great limbs were sepa- 
rated in early geological times, whose secondary branches 
diverged in middle geological times, and whose extreme 
twiglets, and also its graceful foliage, its beautiful flowers, 
and luscious fruits, are the fauna and flora of the present 
day. But this tree of evolution is an excttrretit stem, con- 
tinuous through the clustering branches to the terminal 
shoot — man. Once leave the stem as a branch, and it is 
easy to continue growing in the direction chosen, but im- 
possible to get back on the straight upward way to the high- 
est. In human evolution, whether individual or racial, the 
same law holds, but with a- difference. If individual or 
race gets off the straight, narrow way toward the highest 
— the divine ideal — it is hard, very hard to got back on 
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the ti-ack. Hard, I say, but not impossible, because 
man's conscious voluntary effort ia the chief factor in hia 
own evolution. By virtue of self-activity, through the 
use of reason and co-operation in the work of evolution, 
man alone of all created things is able to rectify an error 
of direction uid return again to the deserted way. 

5. In organic evolution, when a higher factor appears, 
it immediately assumes control, and previous lower factors 
sink into a subordinate position, though still underlying 
and conditioning the higher. But in human evolution, 
the higher rational factor, when it comes in with man, 
not only assumes control, but transforms all other factors 
and uses them in a new way and for its own higher pur- 
poses. In fact, as already said, it is much more than a 
mere factor. It determines a new kind of evolution — 
evolution on a new and higher plane, though, indeed, 
underlaid and conditioned by the laws of organic evolu- 
tion. As external pJiysical Mature uses many factors to 
carry forward organic evolution, so the internal spiritual 
nature, characteristic of man alone, uses these same fac- 
tors in a new way to carry forward human evolution or 
progress. Thus, for example, one organic factor — the en- 
vironment — is modified or even totally changed so as to 
effect suitably the human organism. This is hygiene. 
Again, use and disuse — another factor — is similarly trans- 
formed. The various organs of the body and faculties of the 
mind are deliberately used in such wise and degree (deter- 
mined by reason) as to produce the highest efficiency of 
each part and the greatest stfeugth and beauty of the whole. 
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This 13 education — physical, mental, moral. So also the 
selective factors are aimilarly transformed, and Ttatural 
selection becomes rational selection. We all know how 
this method is applied to domestic animals and cuItiTated 
plants in the formation of useful or beautiful varieties. 
Why should it not be applied also to the improvement of 
our race in the selection of our mates in marriage, or in 
the selection of our teachers, our law-makera, our rulers? 
Alas ! how little even yet does reason control our selection 
in these matters! How largely are we yet under the 
law of organic evolution 1 

Application of these principles to some questions of 
the day : 

I. Evolution, as a law oE derivation of organic forms 
from previous forms by descent with modifications, as 
already shown, is as certain as the law of gravitation. 
This question has passed beyond the realm of doubtful 
discussion ; but the causes, the factors, the details of the 
process of evolution are still under discussion. Both 
Darwin and Spencer, the two great founders of the 
theory of evolution in its modem form, acknowledge 
and insist on at least four factors, viz., the two La> 
marckian and the two distinctively Darwinian. The 
only difference between them is in the relative impor- 
tance of the two sets : Spencer regarding tlie former and 
Darwin the latter as the more potent. But in these 
latest times there has arisen a class of biologists, includ- 
ing some of highest rank, such as Wallace, Weismann, 
and Lankcstcr, who out-Darwin Darwin himself in their 
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exaltation of the moat distinctive Darwinian factor, viz., 
natural selection. They try to show that natural eelec- 
tion is the sole and sufficient cause of evolution; that 
changes in the individual, whether as the effect of the 
environment or by use and disuse of organs, are not in- 
herited at all; that Lamarck was wholly wrong; that 
Darwin (in connection with Wallace) was the sole founder 
of the true theory of evolution ; and, finally, that Darwin 
himself was wrong only in malting any terms whatever 
with Lamarck. This viev has been called Neo-Dar- 
winism. 

Perhaps the reasons for this view have been most 
strongly put by "Weismann, and are based partly on experi- 
ments, but mainly on his ingenious and now celebrated 
theory of the immortality of germ-plasm. The animal 
body consists of two kinds of cells wholly different in 
function — somatic cells and germ-cells, including in this 
last the sexual elements both male and female. Somatic 
cells are specially modified for the various functions of 
the body; germ-cells are wholly unmodified. The so- 
matic cells are for the conservation of the individual life, 
the germ-cells for the conservation of the species. In the 
development of the egg the germ-cell multiplies itself 
into a cell-^gregate, and then moat of the resulting mul- 
titude of cells are modified in various ways to form the 
tissues and organs of the body — somatic cells; but a few 
are reserved and put afiide in an unmodified form in the 
sexual organs as germ-cells, to again produce ova which 
again divide into somatic and germ cells, and so on in- 
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definitely. Now, according to Weiamann, inheritaDce is 
only through germ-celh, while the environment affects 
only the somatic celU. Therefore changes produced by 
the enyironment can not be inherited. Sexual modes of 
generation were introduced for the purpose of producing 
variability in progeny, and thus furnishing material for 
natural gelectioo, as this was the only means of evolu- 
tionary advance. Weismann made many experiments oa 
animalB, especially by mutilation, to show that somatic 
changes are not inherited. 

A full discussion of this question would be unsuitable 
in a work like this. We will therefore content cturselves 
with making three brief remarks ; 

a. If the views presented in the early part of this 
chapter are true, then the Lamarckian factars must be 
true factors, because there was a time wlien there were no 
ethers. They were therefore necessary, at least to start 
the process, even if no longer necessary at present. 

i. But if these factors were ever operative, they must 
be so still, though possibly in a subordinate degree. A 
lower factor is not aboUsbed, but only becomes subordi- 
nate to a higher when the latter is introduced. Thus it 
may well be that Lamarckian factors are comparatively 
feeble at the present time and among living species, 
especially of the higher animals, and yet not absent alto- 
gether. In the earliest stages of evolution there was a 
complete identification of germ-cells and somatic cells — of 
the individual with the species. In such cases, of course, 
any effect of tho environment must be inherited and in- 
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creased from generation to generation. Bat the difFeren- 
tiation of the germ and somatic cells vas not all at once, 
nor ia their sympathetic relation completely severed. It 
was a gradual process, and therefore the effect of the 
environment on ike germ-cells through the somatic cells 
continued, though in decreasing degree, and still contin- 
ues. The differentiation in the higher animals is now 
BO complete that germ-cella are probably not at all af- 
fected by changes in somatic cells, unless these changes 
are long continued in the sajne direction, and are not 
antagonized by natural selection, 

c. It is a general principle of evolution that the law 
of the wliole is repealed with modifications in the part. 
This is a necessary consequence of the unity of Nature. 
We ought to expect, therefore, and do find, that the order 
of the use of the factors of evolution is the same in the 
evolution of the organic kingdom, in the evolution of 
each species, and in the evolution of each individual. In 
all these the physical factors are at first powerfully opera- 
tive; these become subordinate' to organic factors, and 
these, in their turn, to psychical and rational factors. 
Therefore, as the individual in its early stages — i. e,, in 
embryo and infancy — is peculiarly plastic under the influ- 
ence of the physical environment, and afterward becomes 
more and more independent of these ; so a species when 
first formed is more plastic under the inQuenees of La- 
marckian factors, and afterward becomes more rigid to 
the same. And so also the organic kingdom was at first 
more plastic under Lamarckian factors, and has become 
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leas 80 in the present speciea, especially in the higher ani- 
mals. The principal reason of this, as we have already 
seen, is the increasing differentiation of germ and so- 
matic cells, and the removal of the former to the interior, 
where they are more and more protected from external 
influence. 

II. Some eTolntionists — the materialistic — insist on 
making human evolntion identical in all respects vith 
organic evolution. This, we have shown, is not true. 
The very least that can be said ia that a new and far 
more potent factor is introduced with man, which modi- 
fies greatly the process. But we may claim much more, 
viz., that evolution is here on a diCEerent and higher 
plane. The factors of organic evolution are, indeed, still 
present, and condition the whole process ; but they are 
not left to be used by Nature alone. On the contrary, 
they are used in a new way and for higher purposes — by 
reason. 

But by a revulsion from the materialistio extreme 
some have gone to the- opposite extreme. They would 
place human progress and organic evolution in violent 
antagonism, as if subject to entirely different and even 
opposite laws ; but we have also shown that, although the 
distinctive human factor is indeed dominant, yet it is 
underlaid and conditioned fay all the lower factors; that 
these lower factors are still necessary aa the agents used 
bjrea.011, 

III. We have already given the views of Weismann 
and Wallace, and some reasons for not accepting them; 
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bttt there is one important aspect not yet touched. There 
are some logical consequencea of these views when applied 
to human evolution which seem to ua nothing leas than a 
rediictio ad absurdum. This brings into view still another 
contrast between organic evolution and human progress. 

In organic evolution, when the struggle for life ia 
fDFce and pitiless as it is now among the higher animals, 
natural selection ia undoubtedly by far the moat potent 
factor. It is at least conceivable (though not probable) 
that at the present time organic evolution might be car- 
ried on mainly or even wholly by this factor alone j but 
in human evolution, especially in civilized communities, 
iliis is impossible. If Weismann and Wallace be right, 
then alas for all onr hopes of race improvement — phys- 
ical, mental, and moral ! — for natural selection will never 
be applied by man to himself as it is by Nature to oi^n- 
iams. His spiritual nature forbids. Reason may freely 
use the Lamarckian factors of environment and of use 
and disuse, but is debarred the unscrupulous use of natu- 
ral selection as its only method. As this is an important 
point, we must explain. 

All enlightened schemes of physical culture and hy- 
giene, although directed primarily to secure the strength, 
the health, and the happiness of the present generation, 
yet are sustained and ennobled by the conviction that the 
improvement of the individuals of each generation enters 
by inheritance into the gradual physical improvement of 
the race. AH our schemes of education, intellectual and 
moral, though certainly intended mainly for the improve- 



UigniaOb, Google 



9S EVIDENCES OF THE TRUTH OF EVOLUTION. *• 

meat of the iadividiml, are glorified by the hope that the 
race alao ia thereby gradually elevated. It U true tliat 
these hopes are asually extravagant; it is true that tlie 
whole improvement of one generation is not carried over 
hy inheritance into the Dext ; it is true, therefore, that we 
can not by education raise a lower race up to the plane of 
a higher in a few generations or even in a few centuries : 
but there must be at least a small residuum, be it ever so 
small, carried forward from each generation to the next, 
which, accumulating from age to uge, determines the slow 
evolution of the race Such are the hopes on which all 
noble efforts for race-improvement are foanded. Are all 
these hopes baseless? They are so if Weismann and 
Wallace are right. If it be true that reason must direct 
the course of human progreaa, and if it be true also that 
selection of the fittest in the oi^anic sense ia the only 
method which can be used by reason, then the dreadful 
law of pitiless destruction of the weak, the helpless, the 
sick, the old, must with Spartan firmness be voluntarily 
and deliberately carried out. Against such a course we 
instinctively revolt with horror, because contrary to the 
law of oar spiritual nature. 

But the use by reason of the Lamarckian factors is 
not attended with any such revolting consequences. All 
our hopes of race-improvement, therefore, are strictly con- 
didoned on the efiicacy of these factors — i. e., on the fact 
that nseful changes, determined by education in each gen- 
eration, are to some extent inherited and accumulated in 
the race. 
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CHAPTEE IT. 

SPECIAL PEO0P8, TAKEN FEOM THE QENEBAL LAWS OP 

AKIMAL SIBUCIUBE, OB FBOM COMPABISON IN 

THE TAZONOMIC SERIES. 

General Prindplea. 

Analogy and Homology. — In biology those organs or 
parta in different animalB are Baid to be analogous vhiob, 
however different their origin, have a general similarity 
ot form and especially of fnnction ; while those are called 
homologous which, however different their general ap- 
pearance, and however different their function, yet may, 
by close examination and extensive comparison, be shown 
to be modifications of one another — to be, in fact, origi- 
nally the eame part modified for different pnrpoees. In 
the former the parts comp^ed look and behave as if they 
were the same, bnt are not j in the latter they look and 
behave entirely differently, bat are, in fact, the same 
part in disgnise. 

We can best make this plain by examples. The wing 
of a bird and the wing of a butterfly are analogons or- 
gans. They have the same fnnction — i, e,, flying; and 
this fonctiou necessitates the same general form of a flat 
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plane. Bat the; are not at all homologoos ; they are not 
at all the same organ or part. They certainly have nerer 
been formed one out of the other by modification. Bnt 
the wing of a bird, the fore-paw of a reptile or mammal, 
the wing of a bat, and the arm and hand of a man, 
though BO different in form and function, are homologous 
parts. On close examination they are foond to have the 
same general structure, to be composed of essentially the 
game pieces, although they are so greatly modified in or- 
der to adapt them to different functions, that the general 
or superficial resemblance is now lost Their structure is 
precisely such as it would be if they bad all originated 
^m some archetypal fore-limb by modifications in dif- 
ferent directions of its several parts. By extensiTe com- 
parison in the taxonomic and ontogenic series, all the 
intermediate gradations between these extreme modifica- 
tions may be picked up. 

Another example. The lungs of a mammal and the 
gills of a fish are analogous organs, since they have the 
same function of aeration of the blood. But they are 
not at all homologous : they are not built oa the same 
plan ; by no effort of the mind can we imagine that the 
former could have come out of the latter by modifica- 
tion. On the contrary, we have positive proof that it 
did not so come. But there is an organ in the fish which 
is homologous with the mammalian lung, viz., the air- 
bladder, or swim-bladder. We know it-;l. Because we 
can trace iu the taxonomic series all the gradations from 
the one to the other. In most fishes the air-bladder is 
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wholly cot off from the gnllet, snd only Tery feebly sup- 
plied with blood. It IB Tised and can be nsed only for 
flotation. In others, as the gar-pike, the swim-bladder 
is quite Tsscnlar and opens by a tube into the throat. 
Through this opening air is gulped down from time to 
time into the bladder, and again from time to time ex- 
pelled. In other words, this fieh supplements its gill- 
breathing by aa imperfect lung-breathing. We have here 
the beginning of a lung. In still other fishes, viz., the 
Dipnoi {lepidosiren and ceraiodua, Fig. 2), the air-blad- 



Wvi. 3.— Lepldwdran. 

der becomes a more perfect Inng — i. e., a TeryTascalar 
sacculated sac ; and there is not only an opening into 
the throat, but also from the throat to the snout. In 
other words, we have for the first time nostrils. These 
fishes completely combine gill-breathing with Inng- 
breathing. The step from these to the lowest am- 
phibian reptiles is so small, that some have classed the 
lepidosiren among amphibians instead of fishes. The 
siredon or azolotl of New Mexico, the nectnms or meno- 
branchns of our Northern lakes, and the siren of our 
Southern swamps, have both gills and lungs, and breathe 
both air and water ; hut the lung is very imperfect, being 
only a sacculated sac, like the air-bladder of the cerato- 
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due and lepidosiren. No one donbte that the air-breath- 
ing organ of an amphibian is a trae lung ; yet we baTs 
traced all the gradations between it and the air>bladder 
of a fisb. "We conclnde, therefore, that if there be any 
sncb thing as transmntatioa of organic forms, the lang 
of higher animals mnst have been formed by the process 
above described.* 

Bnt we know it still more certainly— 2. Becanse we 
can trace the change from the one to the other in the ou- 
togenio series. In the life-history of the individnal we 
can actually see the one thing change into the other. The 
frog, as is well known, when first hatched, is a tadpole. 
It has no legs, bnt locomotes by means of a vertically- 
expanded taiL It has no longs, but breathes water in- 
stead of air, by means of gills. It is in all respects, 
therefore, a fish, and would be olaesed as snch if it re- 
mained in this condition. But it does not ; it gradually 
loses its tail and gills, and acquires legs and lungs, and 
breathes air only. Now in this change whence came the 
lungs ? From the gills by modification ? No ; but 
from an organ similar in character and position t« the 
air-bladder of a ceratodus, or a lepidosiren. This organ 
has gradually developed into a lung. The steps of the 
change are briefly as follow : First, the breathing is 
wholly water-breathing by gills. Next, by the develop- 
ment of this other organ, it is partly water-breathing by 

* While a\\ comparatiTo knatomisU i^ree that the txatg la a dlvor- 
tlculum from tbe cesopha^i, like the airJiladder of the fpir-flah, aone 
think that tt ia a difftrtnt diverticulum, which is seen first In tlie dipool. 



UigniaOb, Google 



SPECIAL PROOFS. 108 

gills, and partly air-breathing by lungs. Lastly, the gills 
gradnally dry up, and the lungs develop more and more, 
Tintil the breathing is wholly by Inngs. 

We have dwelt somewhat upon this example, becanse 
it is ao excellent example of what we mean by homology, 
and also becanse we will have occasion to ose it again. 
Bat BO Important, for all that follows in this part, is a 
clear idea on the subject of homology, that it will be best 
to familiarize the mind of the reader with it by means 
of a few examples drawn from plants. 

A potato is analogous to a root — a tnberous root like 
that of a dahlia or a sweet-potato — bnt is not at aU ho- 
mologous with these. On the contrary, it is homologous 
with a stem. It is essentially an nndergronnd, leaflesa 
branch, which has thickened enormously at the point by 
accumulation of starch. The evidence of this is found 
in the fact that it has rudimentary leaves (scales) ar- 
ranged in regular spiral order of phylotaxis, each with 
its axillary bnd (eyes). It is still more clearly shown by 
the fact that buds above-ground which, if let alone, 
would form leafy branches, may be made to become tu- 
hers by covering them with earth or dead leaves, and 
thus excluding the light ; and, conversely, underground 
buds which, if Jet alone, would form tubers, may be 
made to grow into leafy branches by exposing them to 
the light. 

Take another example : The broad, flat, elliptical, 
green masses so characteristic of the cactus family, and 
osnally called their leaves, are indeed analogous to leaves 
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in color, form, and function ; for they ars green and 
flat, and asBimilate carbonic acid and wat«r (CO, and 
K,0) like leaves. But they are not, in tmth, leaves, 
but modified stems, for the; have the essential structure 
of stems, with their pith, wood, mednllary rays, and 
bark, and may be traced tbrongh all gradations into 
the ordinary cylindrical form of stems. Where are their 
leaves, then? Their spines are their abortive leaves. 
These are arranged spirally like leaves, and bear buds 
in their axils like leaves. They are, in truth, leaves, 
modified to perform the function of defensive armor; 
vhile their function has been delegated to the stem 
flattened for this purpose. 

One more example : The acacias, of which there are 
fifteen to twenty species in California, introduced from 
Anstralia, form two groups having extremely different 
styles of leaves. We will call them the feather-leaved 
and the simple-leaved acacias. In the former, the leaves 
are very finely bipinnate, and the general aspect of the 
foliage is extremely feathery and graceful. In the latter 
the leaves are simple, ovate, and, curiously enough, set 
on edge ; and the general aspect of the tree is therefore 
rather stiff. It seems at flrst incredible that leaves so 
different and aspects so diverse should belong to plants 
of the same genns. But a little close examination shows 
that, as usual, the botanists are right and the popular 
judgment wrong. The plumose-leaf is the normal leaf- 
form for this genus. The simple leaf is not only abnor- 
mal, bnt in a homological sense is not a leaf at all— i. e., 
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it does not coneBpond to the part called the Nad« in 
ordinary simple leaves of othe^ trees. In the aoedling ot 
the simple-leaTed acacias, and sometimes for a consider- 
ahle time in the yonng tree, the leaves are all plumose. 
As the tree matares it gradually changea its dress and ' 
puts on its toga virtUs. The gradual change from the 




one form to the cither may easily be traced in the same 
tree, and even often in the same branch (Fig. 3). The 
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steps of the change (a, i, c, and d) aro shown !a the fol- 
lowing Sgnre, drawn from natare. It is Been, by bare in- 
spection of the figure, that the so-called leaf, d, of the 
simple-leaTed acacias, ia really the Tertically-expanded 
leaf-atalt, I, a, the trae leaf or blade being wholly aborted. 
The whole stractnre of this so-called leaf is different 
from that of a true blade. For example, its style of ril>- 
bing is parallel, its position is edgewise to the sky, its 
palisade cells are on both sides alike, etc. To empha- 
size this difference, botanists call such an apparent leaf a 
phyllodium, or phyllode. 

After these illnstrations we now repeat the defini- 
tions in difierent words. Analogy has reference to 
general resemblance ot form determined by similarity 
of function, however different the origins of the parts 
compared may be. Homology has reference to comr 
muwity of origin, boweTer obscnred to the superficial 
observer snch common origin may be by modifications 
necessary to adapt to different functions. Observe, 
then, there are two ideas here which must be kept 
distinct. One is common origin, always shown by 
deep-lying, essential identity of stmotnre ; the other 
is adaptive modification for function. Organs of the 
moat diverse origin may resemble by adaptive modifi- 
cation for the same function. This ia analogy. Or- 
gans of the same origin may assnme very different 
appearance by adaptive modifications for different func- 
tions. This is homology. In the latter case, which is 
the one that concerns us, a profound study of essential 
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Btrnotnie and etmctnral relations to other parts, and 
eapeciaJly extensive comparison in the tazonomic and 
OQtogenic series, will nsnally detect the homology, or 
common origin, in spite of the obscnrations prodnoed b; 
adaptive modifications. It is seen, also, that analogy is 
a sQperficial resemblance, easily detected by the popular 
eye, and therefore embodied in popular language ; while 
homology is a deep-seated and essential resemblance, 
detected often only by profound study and extensive 
comparison. Now, one of the strongest proofs of the 
truth of evolution is taken from the homologies of ani- 
mal structure. Common origin completely explains 
homology. Every other explanation is transcendental, 
and therefore unscientific 

Frimarf Divisions of the Animal Ekgdom.— Now, 
the animal kingdom consists of several primary divisions, 
called Hub-kingdoms or departments. The animals in 
these groups differ so essentially from one another in their 
ptan of structvre, that it is difficult, if not impossible, to 
trace any stractural relation between them — to imagine 
how the members of one could have been derived from 
those of another — or coueeive the common stem from 
which they all separated. In other words, it is impos- 
sible, in the present state of knowledge, to trace ho- 
mology with any certainty from one group to an- 
other. But within the limits of each primary group 
the homology is easy. Some naturalists — Agassiz and 
Cuvier — ^have made four or five of these primary groups. 
Some — Huxley — ^have mode eight Some make nine or 
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ten.* We will not trouble onteelvea to settle this ques- 
tion ; for all agree to make vertebrata and articulata or 
arthropoda two of them, and all oar illnstrations will be 
drawn from these. Other groups are too unfamiliar to 
the general reader to serve our purpose. 

Now, as already stated, homology can not be traced 
with any certainty between the primary groups, but 
within the limits of each group it may be traced with 
ease and beauty. Analogy, however, being connected 
with function, and function being universal, can be 
traced throughout the animal kingdom. While, there- 
fore, it is probable, nay, almost certain, that all animals 
have had a common origin, we can not yet trace these 
great departments by homology to that common origin. 
But the common origin of each department is quite clear. 
!For example, the stmctnre of all vertebrate animals is 
precisely such as wonld be the case if all came from one 
primal vertebrate, variously modified to adapt to vari- 
ous modes of life. Also, the structure of all arthropods 
is precisely such as would be if all came from one primal 
arthropod, which, from generation to generation, be- 
came gradually modified in different directions, in order 
to adapt itself to various modes of life. But between 

" Uudoubtedlr the true prindple on which primer; groupB ought to 
be made is, identify of gmtrai plan afitntehirt, or traeeablauat of}i»- 
moloffy thrmighoiU. For these groups are the great primar; brtmches of 
the tree of life, and olassification onght to represent degrees of gene^ 
relationship. Thla vaa Agassiz'a principle, although he did not admit the 
genetic relatloo. This prindple has been, it seemB to oe, too mtich n^ 
kcted bj later sjaMmatists. 
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Brthropods and vertebrates we can not yet clearly see a 
common origin, although there doubtless waa stich. 

These great depu'tments may, therefore, be compared 
to natural styles of animal architecture. As there are 
yariuus styles of human architecture — Oriental, Egyp- 
tian, Greek, Qothio — each of which may be Tariously 
modified to adapt it to all the different purposes for 
which bnildinge are made, without destroying, though 
perhaps obscuring, the integrity of the style ; bo the dif- 
ferent primary groups or departments may he regarded 
as different styles of animal structure, each of which 
may be and has been modified iu many wt^ys to adapt it 
to various habits and modes of life, obscuring but not 
destroying the general style. Or they may be compared 
to natural machines. As a steam-engine, by modifica- 
tion, may be adapted to many kinds of purposes, obscur- 
,ing, perhaps, but not destroying the essential identity of 
structure ; even so the vertebrate machine by modifica- 
tion may be, and bas been, adapted to many kinds of 
purposes, and thus become a swimming-machine, a 
orawling-machine, a flying-machine, a running- and leap- 
ing-maehine, without destroying, ^though obscuring, 
the essential identity of stmoture. As iu architecture, 
lesthetic principles of form may be traced through each 
style, bat not from style to style, while the mechanical 
principles of construction run through all alike ; so 
also in animal architecture, the laws of form and styles 
of structure are traceable with ease only within the 
limits of each primary group, while the laws of function 
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are traceable throngh all groups alike. Or, again, aod 
finally : Eaoli of these depsrtmeiits may be compared to 
a tree, with branches, twigs, and spray, all obvionely 
coming from one common stem, bat each atem seems 
separata They are. Indeed, probably, tbemaelvea only 
great branches of one common trunk, bnt their connec- 
tion is too remote and obsoare to be made out clearly by 
means of homology. Other eridences, howerer, orawn 
from other sources, as we shall see hereafteij are not 
wholly wanting. 
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CHAPTER V. 

FBOOFS VBOH E0UOLOQIE8 OF THE TEBTEBBATB 
BEBLETOK. 

The proposition to be established here is, that all Ter- 
tebrates hare not only a common general plan of stmct- 
are, but an essential identity eren in detail, althongh 
this identity is obscnred by adaptire modifications. We 
will tiy to show first a common general plan, and then, 
taking parts most familiar to the general reader, will 
show essential ident! even in detaiL 

Common General I .ao. — 1. All vertebrate animals, and 
none other, have an internal jointed skeleton worked by 
mnsoles on the outtdde. As we shall see hereafter, the 
relation of skeleton and mnscle in arthropods is exactly 
the reverse. 

3. In all vertebrates, and in none other, the axis of 
this skeleton is a jointed backbone (vertebral column) 
inclosing and protecting the nervous centers (cerebro- 
spinal axis). These, therefore, may well be called back- 
boned animals. 

3. All vertebrates, and none other, have a nnmher of 
their anterior vertebral joints enlsi^ged and consolidated 
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into a box to form the Bkoll,* in order to inclose and pro- 
tect a similar enlargement of the nervous center, viz., the 
brain ; and also usually, bat not always, a namber of pos- 
terior joints, enlarged and consolidated to form the pel- 
vis, to serve as a firm snpport to the hind-limbs. 

4 All vertebrates, and none other, have two cavities, 
inclosed and protected by the skeleton, viz., the neural 
cavity above, and the visceral or body cavity below, the 
Tertebral colamn ; eo that a cross-section of the body is 
diagiammatioally represented by Fig. 4. 

8. All vertebrates, with few ex- 
eeptions, and no other animals, hare 
.<«, two and only two pair of limbs. 
-C The exceptions are of two kinds, 
viz. : a, some lowest fishes, amphi- 
oxua and lampreys, which probably 
represent the vertebrate condition 
before limbs were acquired ; and b, 
degenerate forms like snakes and 
some lizards, which have lost their 

Fio. 4. — DUgnm crau- limbs by disuae. 
teotion through the „ 

body of a TettebrUe, So much concerns the general 

Sf^ritt* """ISS plan ot skeletal Btmctures, and is 
oTiUeB. n, neur^ strongly snggestiTe of— in fact, is 
cavity ; v, Tiaceral _ » J o& ' 

cBTity; e, centrum of inexplicable without — common ori- 

gin. But much more remams 

which is not only suggestive, bat demonstrative of such 

origin. By extensive comparison in the taxonomic and 

• The AmphiojuEi, the lowest of all vertebrates — if vertebrate it may 
be called — is an exception to 2 and 8. In this animal the vertebrate 
type h not jcl fully decIai-cJ, 
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ontogenio aeries, the whole vertebrate stractare in all its 
details in different animals may be shown to be modi- 
ficatdons one of another. Sometimes a piece is enlarged, 
sometimes dimiaished, or even booomes obsolete ; some- 
times several pieces are consolidated into one ; but, in spite 
of all these obscarations, corresponding parts may usually 
be made oat. This is the main anbject of this chapter. 

Special Homology of Vartebrate Limbs.— It would 
lead OB mnch too far into unfamiliar technicalities to 
take ap the whole skeleton. We select the limbs, both 
becanse their general stmctnre ia more familiar, and be- 
cause in them the two fundamental ideas of essential 
identity and of adaptive modification are both admirably 
illustrated. The reason of this is, that it is by the limbs 
that the o]^;anism chiefly reacts on the euvironment, and 
is modified by it. 

Fore-limbs. — In the accompanying figures {Figs. 5- 
18) we have represented, side by side, the fore-limbs of 
many vertebrates, taken from all the classes — mammals, 
birds, reptiles, and fishes. For convenience of compari- 
son, the corresponding pari^ are simDarly lettered in all. 
Also, in order to identify easily certain important corre- 
sponding segments, we have drawn through them a con- 
tinuous dotted Hue. In man, nearly all the parts are 
present, and his limbs, therefore, may he taken as a term 
of comparison ; tor man's structure, except his brain, is 
far less modified than that of many animals. 

Note, then, the following points : 1. The collar-bone 
(clavicle) is associated with wide separation of the shoul- 
ders, and the free use of the fore-limb for prehension or 
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for flight, but is gradnally lost in proportion as the fore- 
limb is hronght nearer together and used for support. 




because it is no longer wanted. I say gradually, for all 
the steps of the passing away may be found. The use- 
less mdimeutary condition is not uncommon. 
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3. The corscoid (c), it is seen, is a small, beak-like 
process of the blade-bone (scapala) io maii and mam- 
mals ; but in birds (Fig. 11) and reptiles (Figs. 1^ 18) 



Tia. 10. Tia. II. Fid. 12. Fia. 18. 

FiOs-IO-ia.— 10. Fore-limb of bat. 11. Bird. 12. ArchKopterfx. 18. 



it is a separate bone as large as the blade-bone iteeU, 
jointed iritb the latter at the shoulder and with the 
breast-bone (sternum) in front, thns making together a 
strong shonlder-girdle for the attachment of the fore- 
limb. This was andoubtedly the condition in the origi- 
nal or earliest walking animal, riz., reptiles. It was 
inherited and retained b; birds, because necessarj for 
powerfal action of the wings in flight. In mammals it 
gradually dwindled and became united with the blade- 
bone as a process. In one mammal, the lowest and most 
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roptiliaD living — ^the omithorhynohae — the coracoid is 
mnch like that of reptiles — a largo, Sat bone, separated 
from the blade-bone and articulated with the breast- 



Fio. 14. Fia. Ifi. Fia. IS. Fio. If. 

Fioa. 14:-1T.— U. Fore-Uinbortortle. IB. Uote. IS. Whale. IT. Hsh. 

bone. It is a significant fact that, in the mammalian 
embryo, it, is first developed as a separate bone and 
afterward united with the soapola. 

3. In man, monkeys, bears, and some other mam- 
mals, the limb is fairly free from the body and the el- 
bow half-way down the limb ; while in herhiYores (Figs. 
8, 9), such as the horse, ox, and deer, etc, the elbow is 
high on the side of the body, and the limb is free only 
from the elbow downward. Perhaps in these cases most 
observers do not recognize it as an elbow at all. All 
gradations between these extremes are easily traced. 
The free oondition of the limb is evidently the original 
one, the condition in herbivores being an extreme modi- 



UigniaOb, Google 



PROOFS FROM HOMOLOGIES. 117 

fication aseociated vith aoother modification mentiooed 
nnder S. 

4. In man and in many mammals, and in all reptiles 
and birds, there are two bones in the forearm (radios 
and ulna). In the more spe- 
cialized forms of hoofed animals 
(ungulates), such as horse and 
mminauts (Figs. 8, 9), there is 
apparently but one. Two is tho 
normal and original number ; 
but one of them, the ulna, has 
gradoally become smaller and 
smaller, and finally is reduced 

to a short splint, and oousoli- ^ 

dated with the radius as a pro- | 

oesB extending backward to form J 

the point of the elbow. In the J 

horse family every step of this j 

reduction and consolidation may ™ 

be traced in the course of its 
geological history. 

6. The lerist of many mam- 
mals and all birds differs in 
structure from that of man, 
chiefly in containing a smaller 
number of bones. The normal 
number, as in man, seems to be 
eight. The decrease takea place 
mainly by consolidation of two or more into one. In such 
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cases usually the embryo will show the bones still separate, 
thus rerealiDg the ancestral coDdition. Again, the poaU 
Hon of the wrist is noteworthy. In man, monkeys, the 
bear jamily, and several other mammalian families, and 
in all reptiles, the hand bends forward at the wrist, so 
that the tread is on the whole palm (palmigrade) . Bot, 
in all the most specialized mammals, the wrist can not 
bend in this direction, and therefore this joint can not be 
brought to the ground. The tread is therefore on the 
toes (digitigrade), and the wrist is high np above the 
ground. In the horse (Fig. 9), the ox, and many other 
mammals, for example, the wrist is so high that it is 
not usually recognized as a wrist, and is often called 
the fore-knee. Now, homologous parte ought to have 
the same scientific name ; but to use the word "hand" 
in the case of lower animals might produce confusion 
and misconception. Therefore it has been agreed among 
oomparative anatomists to use instead the Latin word 
" manus " for all that corresponds, in any animal, to 
the hand of man — i. e., all from the wrist downward. 
The manus of a horse is about fifteen inches long. The 
manus of a pterodactyl, such as that found by Marsh 
in the cretaceous strata of the West, with an expanse 
of wings of twenty-five feet, was probably not less than 
seven or eight feet long. 

6. The number of palm^bonee (metapodal) and toea 
deserves special notice. In fishes, and in some extinct 
swimming reptiles, those are or were very numerous, but 
in the earliest land-animals they became five. This ia 
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the number now in nearly all reptiles, and in all the 
more generalized mammas. It may be called the normal 
nnmber for a -walking animal. In rer; manj mammals, 
such, for example, as the dog family, they are rednced to 
four, though the fifth often remains as a useless, rudi- 
mentary splint and dew-claw (Fig. 6), thos showing the 
process of dwindling in the ancestry. In hoofed ani- 
mals the process of gradual diminution is shown even 
in existing torms, and still better in extinct forms, 
Oonfining ourselves, now, only to existing forms, in the 
elephant there are five palm-bones and toes, and in the 
hippopotamus there are four, all fanctional. In the hog 
(Fig. 7) there are still four, bnt two are behind the 
others and much smaller, and do not touch the gronod 
— are not functional unless in soft ground. In the cow, 
deer, etc., the palm-bones are reduced to two, and these 
are consolidated iuto one (canou-bone), and the toes are 
rednced to two efficient and two useless radiments. In 
the sheep and the goat (Fig. 8) these useless rudiments 
are dropped, and there are two only. Finally, in the 
horse (Fig. 9), the toes are rednced to one, although the 
palm-bones are still three, two of them, however, being 
reduced to rudimentary splints. 

How is it with birds ? Hare these also palm-bones 
and fingers ? Yes, in birds (Fig. 11) there are three 
palm-bonea and three fingers (the fourth and fifth being 
wanting) ; one of them — the thumb — is free, and some- 
times carries a claw. In the earliest known and most 
reptilian bird, the arehteopteryx (Fig. 13), all the three 
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fingers are free, have the fnll nnmber of joints, and sU 

of them carry claws. In the embryo of living birds the 

fingers are all free, as 

S in the archEeopteryz. 

I 7. Observe, finally, 

I as an admirable illus- 

J tration of different 

^ adaptatiTe modifica- 

J tions for the same pnr- 

g pose — fiight — the 

3, stmctnre of the manns 

I of fiying animals. In 

|.j^ the bat (Fig. 10), the 

a'2 flat flying - plane is 

g 3 made by enormons 

"I elongation of the palm- 

|- bones and finger-bones, 

their wide separation 

and the stretching of 

a thin membrane be- 

J tween them. In the 

K pterosaurs, or extinct 

D fiying reptiles (Fig. 

^ 13), one finger only is 

greatly enlarged and 

elongated, and the flying-membrane is stretched between 

it and the hind-leg (Fig. 19), while the other three fingers 

are free and provided Vith claws. If it be asked which 

finger is it that is so greatly enlarged in this animal. 
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ve answer, it is the little jinger. In birds, on the coa- 
■ trarj, the manas ie consolidated to the last degree, to 
form a strong basis for attaohmente for the quills which 
form the flying-plane, and which are themselves extreme 
modifications of the scales of reptiles. Bnt tbronghont 
all these extreme modifications the same essential stmct- 
nre is detectable. 

It is perhaps annecessary to dwell upon the still 
greater modifications of limbs for swimming, as in the 
whale (Fig. 16), the ichthyosanr, mosasanr (Fig. 18), 
and the fish (Fig. 17). A carefol inspection of the 
figures, after what we have said, will be sofBoient to 
explain them. In the fish alone the upper segments of 
the limb, viz., shoolder-girdle and hnmems, are want- 
ing, not being yet introduced, and the manns is not 
yet differentiated into palm-bones and fingers, and the 
fingers are indefinitely multiplied. All these characters 
are indications of low position in the scale of evolu- 
tion. The earliest vertebrates were fishes. Limbs were 
not yet completely formed. In embryos of higher ani- 
mals, also, the outer segments are first formed. 

Eiad-Limbs. — Figs. 30 to 94 represent, in a similar 
way, the hind-limbs of several animals — in this case all 
mammals. As before, corresponding parts are similarly 
lettered, and a dotted line is carried through certain 
prominent parts, especially the knee, heel, instep, and 
toes. By carefnl inspection the figures explain them- 
sdves. Kevertbeless, it will be well to draw special at^ 
tendon to several of the more important points : 
10 
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1. See, then, the position of the knee. The thigh- 
bone in nun, monkeys, bears, and several other families 
of mammals, and all reptiles, is free from the bod;, and 
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the knee is far remoTed Hod half-way down the liml} 
(Figs, 20, 31). This \a undoubtedly the original and 
normal condition of land-animals. Bat in all the more 
highly specialized and swifter animals the knee is bronght 
nearer and nearer to the body, antil, in the swiftest of 
all, ench as the rnminants and the horse (Figs. 33, %i), 
it IB high up on the eide of the body, in the middle of 
what is usually called the thigh but which really includes 
the thigh and the upper part of the lower leg or shank. 

2. See, again, the position of the heel. In man, 
monkey, bear, and many other mammals, and all living 
reptiles, the heel is on the ground, the tread is on the 
whole foot, plantigrade ; while in all the more special- 
ized and agile animals, and especially in the swiftest of 
all, such as the horse, the deer, etc., the heel is high in 
the air, and the tread is digitigrade. 

3. Observe, again : there are two degrees of digiti- 
gradeness. The one we find in camiTorona or clawed 
digitigrades, the other in herbivores or hoofed digiti- 
grades. In the one the tread is on the whole length of 
the toes to the balls, as in man when he tip-toes; in 
the other the tread ia on the tip of the last joint alone. 
AH that in any animal corresponds to the foot of a 
man — i. e., from the hamstring and heel downward — 
is called, in comparative anatomy, the "pes." The pes, 
or foot of a horse, is eighteen inches long. It is easy 
to see what spring and activity this mode of treading 
gives to an animal. Think how helpless a horse would 
be if he trod on the whole foot, heel down 1 
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i. Observe, again, the number of toee. Id tbe pro- 
cess of Bpecialization there is a tendency for these to 
become fever and stronger.* The norm^ nnmber, as 
already seen, is five. All the earliest mammals, and 
many orders of mammals still living, have five ; bat in 
the most specialized orders, such as the nngalates or 
hoofed animals, they were steadily reduced in number m 
the oonrse of evolatioD. In the elephant there are still 
five, in the hippopotamns there are four, in the rhinoce- 
ros three, in the goat two, in the horse one. Still more 
the order of the dropping is regular. If an animal 
have bnt four toes, it ia nsaally the first, or great toe, 
or thumb, that is wanting, or may be rudimentary. 

* ThlB is onlj one example under a general lair vhich It may be 
well to stop a moment to Illustrate. A repeUtlon o( similar parts per- 
fonaing the same faaction is always an «Tidence ot low ot^anizaUon, 
and as we tise in the scale of organization saoh parts oEaallj became 
fewer and more effident. Tbui, to give one eiample, myriapode, as thdr 
name indicates, have hundreds of locomotive oi^ans — lower cntstaceanB 
perhaps thirty or forty. As we go up, they we reduced to fourteen (tct- 
ndecapode), then to ten (decapods), then in spidon to ught, in insects 
to six, in vertebrates to four, and in man to two. A similar reduction in 
nomber, bnt Inecease in effldcncy, is found in toes, wAai iha/ art vtedfar 
n^prrrt mid tccomoHan otdy. In man we find the normal number of five 
(1), because his hands are used for grasping and the ftmctiotss of tbe 
fingers are not the same; and (2), trecause man's development was almost 
wholly irainaard. In other respects his structure is far less specialized 
than most other mammals. He can not compete with oamivores in 
strength and ferocity, nor with hecbivoTea In fleetness. In the struggle 
for life, therefore, there was nothing left for liim but increase In intelli- 
gence. Probably four is the smallest number of looomotive organs con- 
sistent wilb highest eEBdency. Id retaining but two legs for looomotitm, 
man has last in locomotive elDclency, but by the sacrifice he liberates two 
limbs far higher functions. 
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If, as in the rhinoceros, there are ouly three, then No. 
b, or little toe, is also wanting, and the existing toes 
aie Nob. Z, 3, and 4. If an animal has only two toes, 
as the goat, these are Nos. 3 and 4; and if only one, 
as the horse, it is the third or middle toe. Or, to put 
it more definitely : hoofed animals are divided into two 
gronps, eren-toed (artiodactyl) and odd-toed (periaso- 
dactyl). The eren-toed may have four, us in the hip- 
popotamus ; or two, as in the goat The odd-toed 
may hare three, aa in the rhinoceros; or hnt one, aa 
in the horse. Now, both of these orders came by dif- 
ferentiation, far back in the Eocene Tertiary, from a 
fire-toed plantigrade ancestor. After dropping No. 1 
(thumb or great toe) it ia not yet decided, bo far as num- 
ber of toes is concerned, whether the resulting four-toed 
animal shall become artiodactyl or perissodactyl. If the 
former, then the two side-toes (Nos. 3 and 5) become 
shortened up, as in the hog ; then rudimentary, as in the 
ox and deer; and finally pass away entirely, as in the 
goat. If, on the other hand, the four-toed animal is on 
the line of perissodactyl evolution, it becomes first a 
three-toed animal by dropping No. 5. Now, the two side- 
toes (Nos. 2 and 4) shorten up more and more, and the 
middle toe increases in size, until finally, in the modem 
horse, only the greatly enlarged middle toe (No. 3) re- 
mains. We look with wonder and admiration at the 
danseuse pirouetting on the point of one toe. The 
horse is performing this foat all the time. Tea, the 
one toe of a horse has all the three joints like Qurs. 
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The ooffin-boue ia the last joint, sad the hoof k the 
nail. 

Geit«BU of the Horsa.— Every step of this process on 
the perifisodactyl line may be traced in the history of 
the genesis of the horse. The beaatifnl form and struct- 
ure of thie »nimal vere not made at once, but by a slov 
process of integration of small changes from generation 
to generation, and from epoch to epoch of the earth's 
history. The horse (as in fact did all ungalates) came 
from a five-toed plantigrade ancestor, but we are not 
able to trace the direct line of genesis quite so far. The 
earliest stage that we can trace' with certainty, in this 
line of descent, is found in the eohippns of Marsh. This 
was a small animal, no bigger than a fox, with three toes 
behind and four serviceable toes in front, with an ad- 
ditioDal fifth palm-bi^ne (splint), and perhaps a rudi- 
mentary fifth toe like a dew-claw. This was in early 
Eocene times. Then, in later Eocene, came the orohip- 
pas, which difFers from the last chiefly in the disappear- 
ance of the mdimeutary fifth toe and splint. (See Fig. 
35.) Next, in the Miocene, came the meaohippns and 
miobippus. These were larger animals (about the size of 
a sheep), and had three serviceable toes all around ; but 
in the former the rudiment of a fourth splint in the fore- 
limb yet remained. Then, in the Miocene, came the pro- 
tohipptts and pliohippus. These were still larger ani- 
mals, being about the size of an ass. In the former the two 
side-toes were shortening up and the middle toe becom- 
ing larger. In the latter the two side-toes have become 
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Fia. 2B. — Diagram illnstrating f^rftduol cbangu in the hone familj. 
Throughout a Ib fore-toot ; h, hind-foot ; t, fore-um ; d, shank ; «, 
molar on aide- vie* ; / and g, grinding Burlace of nppec odd lowar 
nicdars (after limb). 
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apliots. LaaUy, only in the Quaternary conies tbe genna 
Equus, or tme horse. The Bise of the animal is become 
fp^ater, the middle toe stronger, the side-splints smaller ; 
but in the side-Bplinte of the modem horse we have still 
remaining the evidence of its three-toed ancestor. 

Similar gradnal changes may be traced in the two 
leg-bones, which have gradually consolidated into one ; 
in the teeth, which hare become progressively longer and 
more complex in stmctare, and therefore better grind- 
ers; in the positioQ of the heel and wrist, which have 
become higher above-ground ; in the general form, which 
baa become more graceful and agile ; and, lastly, in the 
brain, which has become progressively larger and more 
complex in its convolutions — to give greater battery- 
power, to make a more powerful dynamo — to work the 
improved skeletal machine. See, then, how long it has 
taken Mature to produce that beautiful finished article 
we call the horse I 

We have taken only limbs as examples of what is true 
of the whole skeleton. To the superficial observer the 
bodies of animals of different claBses seem to differ fun- 
damentally in plan — to be entirely different machines, 
made each for its own purposes, at once, out of hand. 
Extensive comparison, on the contrary, shows them to 
be the same, although the essential identity is obscured 
by adaptive modifications. The simplest, in fact the 
only scientific, explanation of tbe phenomena of verte- 
brate structure is the idea of a primal vertebrate, modi- 
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fled more and more through saccessiTe generations by 
the necessitiea of different modes of life. 

See, then, in conclosion, the difference between man's 
mode of working and Natnre's. A man having made a 
steam-engine, and desiring to use it for a different pnr- 
pose from that for which it was first designed and used, 
will nearly always be compelled to add new parts not 
contemplated in the original machine. Nature rarely 
makes new parts — never, if she can avoid it — but, on the 
contrary, adapts an old part to the new fanction. It is 
as if Nature were not free to use any and every device to 
aocomplish her end, bnt were conditioned by her own 
plans of Btraotnre ; as, indeed, she most be according to 
the derivation theory. For example : In early Devonian 
times fishes were the only representatives of the verte- 
brate type of Btractnre. The vertebrate machine was 
then a smmming-mackine. In the coarse of time, when 
all was ready and conditions were favorable, reptiles were 
istrodaoed. Here, then, is a new function — that of lo- 
comotion on land. We want a wdthingtaachine. Shall 
ve have a new organ for this new function ? No : the 
old swimming-organ is modified so as to adapt it for 
walking. Time went on, antil the middle Jnrassic, and 
birds were introduced. Here is a new and wonderful 
function, that of fiying in the air. We want a flying- 
machine. We know how man woald have done this ; for 
we have the result of hia imagination in angels of Chris- 
tian art and griffins of Greek mythology. He would 
have added wings to already existing parts, and this 
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Toald have Decessitatod the alteration of the vhole plui 
of BtTQctnre, l)oth skeletal and miiBcalar. Katttre only 
modifies the fore-limbs for this new pnr}>08e. If we 
must have win^, we must sacrifice fore-legs. We can 
not have both witboat riolating the laws of morphology. 
Finally, ages again paesed, and, when time was fnlly ripe, 
man was introdaced. Kow we want some part to per- 
form a new and still more wonderful function. We want 
a hand, the willing and efBcient servant of a rational 
mind. We know, again, how man would have done this, 
(or we have the result in the centanrs of 0-reek mytholo- 
gy, in which man's ohest, and arms, and bead are added 
to the body of a quadruped. But natural lows must not 
be violated, even for man. If we want bands, ve most ' 
sacrifice feet. Again, therefore, the fore-limbs are modi- 
fied for this new and exquisite function. Thus, in the 
fin of a fish, the fore-paw of a reptile or a mammal, the 
wing of a bird, and the arm and hand of a man, we have 
the same part, variously modified for many parposea. 

Many other illustrations might be taken from the 
skeleton and from other systems, especially the muscular 
and nervoQS. But in the museulsr system the modifica- 
tions have been so extreme that homology is much more 
difficult to trace, and therefore requires more extensive 
knowledge than we yet possess, and more extended com- 
parison than has yet been attempted. It has been traced 
with some success through mammals, and probably will 
be through air-breathing vertebrates — i. e., also through 
birds, reptiles, and amphibians; but to trace it through 
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fishes BeemB almost hopeless. In the case of the nerrooa 
syBtem, and especially of the brain, it is again distinct ; 
but thia had better be taken np nnder another head, 
tIz,, proofs from ontogeny, Chapter VL 

In the Tisoersl organs homology is very plain, in fact 
too plain. There ia not modification enoagb in most 
oases even to obscnre it, because tnuction is the eame in 
all animalB. These organs do not, therefore, famish 
good illnstrations of that essential identity in the midst 
of adaptive modification vhich conatitates the argnment 
for the derivative origin of structure. It is the organs 
of animal life that show this most perfectly, because it 
ia these that take hold on the environment and are 
modified by it. There are, however, a few striking illns- 
trations to be found among the vieoeral organs, especially 
the blood-system. This, however, had better also be 
deferred to the chapter on ontogeny. 
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HOUOLOOtBS OF THE A.BTIOULA.TIE SEELBTOIT. 

Wb have takea the vertebrate skeleton first, only be- 
cause this deportmeat is most familiar. But in reality, 
the moat beantifnl illnstrations of essential identity of 
stmctore in the midst of infinite diTersity of adaptive 
modification for different fnnctiona and habits of life, 
and therefore of common origin from a primal form, ate 
found in the department of articulates. I use the old 
Cavierian department articulata, rather than the more 
modern arthropods, because the former includes worms 
also. Now, whether worms ehonld be thns inoladed with 
arthropods, or deserve awholedepartmentto themselves it 
matters not for our purposes. It is generally admitted 
that arthropodB probably descended from marine worms. 
They all have the same general plan of skeletal structure. 
It will suit my purpose, therefore, to regard worms aa 
the lowest form of jointed animals. 

Here, then, we have an entirely different plau of 
atructnre — a different style of architecture and different 
mechanical principles of machinery. Instead of a skele- 
ton within and muscles acting on the outside, we have 
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the skeleton on the oateide, and mnscles acting from 
within. luBtead of two cavities, a nearal and visceral, 
the skeleton forms but one cavit;, in which all organs 
are inclosed and protected. Instead of finding the 
nerve-axis on the dorsal aspect of the bod;, we find it on 
the ventral aspect. 

Take an; articnlate animal, for exEUnple, a shrimp, a 
centiped, or a beetle. Cnt it across the body, and look 
at tiie end (Fig. 26). We see a ring of bone (chitin) in- 




Fta. SB. — Diaf!7-am seiAion ftcross an arthropod, Ebowiug the mcLosiaB 
akeleton-ring and a, pur of jointed uppendogCB. n, nerrons center ; 
V, viscera ; i, blood system. 

closing all the organs (nervous system », blood system 6, 
and visceral system v), and a pair of jointed appendages, 
perhaps lep, on each side. Kow imE^ne these parts 
repeated in a linear series. The rings repeated make a 
hollow, jointed tnbe or barrel, the appendages repeated 
make a continnooB row of appendages on each side. Nov 
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this is exactly what we actnally find. The whole articn- 
lata skeletoa is ideally made tip of a series of Bach re- 
peated Tings and appendages, modified according to the 
position in the series, aod the uses to which they are 
put And then the whole artionlate department is made 
np of such articulate animals again modified according to 
place in the scale of articulates. The modification in 
the lower forms is slight, and therefore the identity of 
the repeated parts is obviona ; but as we go up the scale, 
and the number aod complexity of the functions in- 
crease, the adaptive modification becomes greater and 
greater, until finally it so obscures the essential identity, 
that it requires the most extensive comparison in the 
taxonomic series and in the ontogenic series, to pick up 
the intermediate links and establish the fact of common 
origin. In a word, whether they so originated or not, it 
is certain that the structure of articulate animals is ex- 
acUy such as would be the case if all these animals were 
genetically connected, and came originally from a primal 
form something like one of the lower crustaceans, or, 
perhaps, a marine worm. 

It will be best to take an example from ahont the 
middle of the scale, where the two elements, viz., essen- 
tial identity and adaptive modification, are somewhat 
evenly balanced, and both traceable with ease and cer- 
tainty. Take, then, a cray-fish, a lobster, or a shrimp. 
This animal (Pig. 27) has twenty or twenty-one rings 
and pairs of jointed appendages. The rings are some 
of them diminished, some of them increased in size. 
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Sometimes several are consolidated ; sometimes seTeral 
are partially or wholly aborted. The appendages are 
modi&ed in shape and 
size, according to their 
position, BO as to make 
them swimming-appen- 
dages (swimmcretB), 
walking - appendages 
(legs), eating-append- 
ages (jaws), and sense- 
appendages (antennse). For example, in the abdomi- 
nal region, or so-called tail, we have seyen segments, 
all being perfect movable riogs, each with its pair ot 
jointed appendages, except the last, or telson. The 
appendages of the first ring (Fig. S8, B) are specially 
modified in the male as organs of copnlation (B'). The 
next (our paire are modified for swimmerets (D') and 
for use as holders of the eggs in the female. The ap- 
pendages of the sixth ring (Q) are broad and paddle- 
shaped, and, together with the telson or seventh ring 
(H), form the powerful terminal swimmer. Going, 
now, to the cephalo-thorax : in this either a large num- 
ber of segments (thirteen or fourteen) are consolidated 
above to form the upper shell or carapace ; or else, as 
is more probable, two or three of the ant«rior seg- 
ments have enlarged and grown backward over, and at 
the expense ot the others, to form this shell. At any 
rate, it is certain that the carapace is formed of the 
dorsal portions of a number of segments consolidated 
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together. Below, ^■~''"~— n. 
howeTer, the eeg- ^2!!!l_Ji£3 
inentB are all dis- 
tinct, and have 
each its own pair 
of appendages. 
For example, go- 
ing forward in 
thiB region, the 
five next pairs of 
appendages are 
greatly enlarged 
and very strong, 
and BeiTfl the pur- 
pose of locomo- 
tion. They are 
walking - append- 
ages. The next 
two or three pairs 
are smaller and 
somewhat modi- 
fied, hat not 80 
mach as to oh- 
ecnie their essea- ■ 
tial similarity to 
legs. Like lege, 
they are many- 
jointed, and like 
legs, too, they 
n 
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have gillB attached to them. They are called masilli- 
peds, or jav-feet. They are used like hands to gather 
food and carry it to the mouth. They are gathering- 
appendages. Then follow three or four pairs still more 
modified, and aBed for maetioation. They are called 
mazillffl and mandibles. They are eating-appendages. 
Then follow two pairs, long, many-jointed, with the 
same kind of curiouB hinge-j'ointa, which we have in 
the lega, nndonbtedly homologous with all the others, 
hot used for an entirely different parpose, and special- 
ly modified for that purpose. They are the antennse. 
They are delicate organs of tonoh and of hearing, for 



FiQ. 81.— VibiUa, an amphibod anutacesQ (after Ulne Edwards). 

the ear is situated in the basal joint of the anterior 
pair. Last of all, there is still another pair, jointed and 
movablo, on the ends of which are situated the eyes. 
These last three, therefore, are sente-appendages. Some 
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vriten make this last pair special orgsna, oot homolo- 
goDs vith appendages. 

For tbe sake of greater diBtinotness, we give the 
whole series of these appendages in one of the higher 
forms, viz., the prawn {Palemon, Fig. 29, and in one of 
the lower forms, Kebalia, Fig. 30). 




Fib. 83. — lithobioa fordpaCoB (after Cup^nter). 



That these are really homologons parts is further 
shown bj the fact that in the case of other cmstaceans, 
such as limnlns, tbe same appendages, i. e., the append- 
ages of the same body segments, which in the cases be- 
fore mentioned are osed as feet, become swimmers, while 
tbe appendages corresponding to jaw-feet become walk- 
ers ; and even what corresponds to antennie or sense- 
appendages, may, as in brsnchippos, become powerful 
claspers. Finally, in all the lowest crustaceans, the 
identity is evident, because all tbe segments and their 
appendages are mncb alike in form and function (Fig. 
31). 

We have taken examples from near tbe middle of the 
articulate scale, becanee, as already stated, both tbe essen- 
tial identity and tbe adaptive modifications are easily 
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traced. If we go down-ward in the scale, the etmctnre 
becomes more and more generalized, and the rings and 
appendages become more and more aliice (Fig. 31), nctil 
in the most generalized forms we haTe onl; a series of 
similar rings, with similar pairs of appendages, except 
some necessary modifications to form the head and tail. 
This is well shown in the centiped (Fig. 33), and still 
better in marine worms (Fig. 33). In some marine 
worms the slight modification to fonn the head takes 




Fta. S8.— Sjllis prolitera. 

place nnder oar very eyes. These often mnltiply by di- 
Tidiog themselves into two. When they do so, they make 
a new head and new tail by slight modification of seg- 
ments and appendages (Fig. 33). 

If, on the other hand, we go np the scale, we find 
adaptive modifications obscuring more and more the 
simple and ohvions identity of parts, until finally the 
identity can not be recognized withont extensive com- 
parison in the taxonomicj series and stndy of embryonic 
conditions. In crabs— which is a higher form than cray- 
fish — the tail or abdomen seems to be wanting, bat is only 
very small and bent under the body and thus concealed. 
In all essential respects the structure is precisely like the 
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cray-fish. In fact, in the embryo, we trace the one form 
into the other ; for the crab is at first a long-tailed cntS' 
tacean (Fig. 31). 

Insects are the highest form of articnlates. In these, 
therefore, we find the modification is still greater than in 




cmstaceans, though even here the ring-and-appendage 
structure is plain enough in most cases. 

One of the hest evidences of high grade among ani- 
mals is the gathering of the segments into distinct 
gronps, and especially the distinctness of the head as one 
of those groups. In worms and lower cmstaceans there 
is no grouping at all, the skeleton being a continuous 
series of joints, only slightly modified at the anterior 
and posterior extremities. In the higher Crustacea, and 
in spiders and scorpions, they are grouped into two 



UigniaOb, Google 



342 EVIDENCES OF THE TRUTH OF EVOLUTION. 




c^'%:^f''^^^<>'' 



Fig. 35. — External anatoniy of CalopUnuB epretuB, the head knd thorax 
di»joinied ; up, uropatogiuin ; /, furcula ) t, ixrcaa (drann b; J. T. 
Kiugslej). 
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regioDB, viz., cephalothoraz aod abdomen. In insects 
they are gronped into three very distinct legiooB — head, 
thoTsz, and abdomen. In insecta, therefore, we find for 
the first time the head distinctly separated from the rest 
of the body. This is an evidence of high grade, because 
it shows the dominance of head-fonotions. 

The insect, saob, for example, as a grasshopper, con- 
sists of seventeen or eighteen eegments (Fig. 35). Of 
these, fonr belong to the head, three to the thorax, and 
abont ten to the abdomen. Those of the abdomen are 
all separated and movable ; those of the thorax and head 
are more or less consolidated. The appendages of the 
head-segments become antennse and jaw-parts, L e., mandi- 
bles— maziUie and labium ; the appendages of the thoraj:- 
segments become legs (the wings are not homologous 
with appendages), while those of the abdomen are aborted. 
The steps of the gradnal consolidation on the one hand, 
and the abortion on the other, may be traced in the em- 
bryo or larva — i. e., in the caterpillar or the gmb of a 
bee or a beetle. In the caterpillar, for example, there is 
no grouping into three regions, there is no consolida- 
tion, and all the segments have appendages. Again, the 
almost infinite variety in the month-parts among in- 
sects, bronght about by adaptive modifications for biting, 
for piercing] and for sneking, and yet the essential iden- 
tity of all to the more simple and generalized stmctnre 
of the grasshopper, is an admirable illustration of the 
same principle. Bnt to dwell upon these minor points 
wonld carry us too far. 
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Ulnstiatloii of the Let of Dlfferentiatioit. — We hsve 
here, in the niodiflcatioDB of segments and appendages of 
articulates, aD admirable illnstration of the most fund^ 
mental law of eTolation, viz., the law of di&erentiatioo, 
Aa wo hare already seen (page 21), perhaps the moet 
beaatifnl and certainly the most fandamental illostra- 
tion of this law is fonnd in the development of cell- 
atracture. Commenoing in the lowest animals, and in 
the earliest embiyomc stages of the higher animaJs, 
from a condition in which all are alike, the cells as we 
go upward quickly diverge into different forms to pro- 
doce difFerent tissnes and perform different fnnotions. 
Here, then, we have a perfect example of essential iden- 
tity and adaptive modification. It is the very best type 
of differentiation. So also skeletal segments, commenc- 
ing, ia the lowest articulates and in earliest embryonic 
stages of the higher, all alike, as we go npward in either 
series, begin immediately to diverge in various directions 
(divergent variation), taking different forms to subserve 
different uses. Here, again, therefore, is an illnstrktion 
of the law of differentiation. Lastly, in the articnlate 
department, commencing with the lowest forms and earli- 
est embryonic conditions, and we may add earliest geo- 
logical times, and going up either series from generalized 
forms very much alike, the individuals are gradually 
differentiated into many special forms, in order to adapt 
them to the diversified modes of life actually fonnd in 
nature. Thus cells, segments, individtials, are all alike 
affected by this most fundamental law. 
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We have taken our illtiBtrations from only the two de- 
partmenta of vertebrata and artioalats, becanse these are 
the moBt familiar to the reader, and also have been most 
carefnlly Btndied. We have shown that the general 
strnctnre of all vertebrates is precisely what it wonld he if 
tbey all had come from one primal vertebrate form, and 
that of all articulates what it wonld be if all had come 
from one primal articnlate form. The only ttaiural ex- 
planatiou, and, therefore, the only scientific explanation 
of this, is that thep were realli/ thus derived. The same 
kind of eridence may be dravn from the study of other 
departments, bat to pnrsne the subject any further in 
this direction would carry as beyond the limits which 
we hare assigned. We desire only to explain the nature, 
not to give all, of the evidence. The examples given will 
be Bufiicient for the purposes of illustration. The whole 
proof is nothing lees than the whole science of compara- 
tive anatomy. 

Tertebrates, then, were derived from a primal verte- 
brate, articulates from a primal articulate, and so for other 
departments. But whence were these primals derived ? 
Are there any intermediate links between, any deeply 
concealed common plan of structure underlying these 
primary groups, showing a common origin P It must be 
oonfesaed that, in their mature condition, there seems to 
he but little evidence of such. These primary groups 
seem to be boilt on different plans, to be fundamentally 
of different styles of architecture. Therefore Darwin, in 
the true spirit of inductive caution — that true soientiflo 
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spirit vhich keeps Btrictl; within the limita of evidencs 
— commences with fonr or five distitiot primal kinds, 
from which by divergent y&riation all animals were de- 
scended. IfererthelesB, the truly eoientifio biologist 
mnet ever strongly incline to belieTe that these also 
came from some primai animal, and even that both 
animals and plants were derived from some primal form 
of livinff thing; that as, in the taxonomto series, the 
animal and vegetal kingdoms in their lowest forma 
merge ODdistingnishably into one another ; as in the 
ontogenic seriea the animal and plant germ are one, 
BO also in the phylogenio series the earliest organisms 
were simply living things, bnt not distinctively ani- 
mal nor vc^fetaL Science, therefore, whose missioa is to 
trace origins ae far back as possible, mnst ever strive to 
find connecting links between the primary groups. Some 
such have been supposed to have been discovered. Some 
find the origin of vertebrates among the moUascoids (a^ 
oidiane) \ some find the origins of both vertebrates and 
articulates among marine worms (annelids). This point 
is still too doubtful to bo dwelt upon here. It may be 
that we seek in vain for such connecting links among 
existing forms. It may well be that the point of separar 
tion of these great primary groups (unless we except 
vertebrates) was far lower even than these low forms. 
Both phylogeny and ontogeny seem to indicate this. In 
the earliest fauna known, the primordial (for If there was 
life in the archiean it was not yet differentiated into a 
&ana), oU the great departmente, except the vertebrate^ 
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seem to have beea represented. Jn embryonic develop- 
ment, too, the point of connection or even of similarity, 
between the great departments, is fonnd, as we shall see 
hereafter, only in the earliest stages — i. e., lower down 
than any hot the lowest exlBting forms, viz., the pro- 
tozoa. 
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PBOOPS PBOM EMBBYOLOGT, OE COMPABIBON IN XHB 
ONTOQBNIO 8BBIES. 

It IB a carious and most aignificsnt fact that the guo- 
ceBsive stages of the developmeiit of ihe indimdualm the 
higher forms of any group (ontogenic aeries) resemble 
the stages of increasing complexity of dtSerentiated 
etmctnre in ascending the animal scale in that group 
(tazonomio series), and especially the forms and stmctnro 
of animals of that group in succeseiTC geological epochfi 
(phylogenic series). In other vords, the individual 
higher animal in embryonic development passes through 
temporary stages, which are similiu* in many respects to 
permanent or mature conditions in some of the lower 
forms in the same group. To give one example for the 
sake of clearness : The frog, in its early stages of embry- 
onic development, is essentially a fish, and if it stopped ■ 
at this stage would be so called and classed. Bat it does 
not stop ; for this is a temporary stage, not a permanent 
condition. It passes through the fish stage and through - 
several other temporary stages, which we shall explain 
hereafter, and onward to the highest condition attained 



UigniaOb, Google 



PROOFS FROM EMBRYOLOGY. 149 

by amphibiana. Kow, if we could trace perfectly tbe 
BQCoeBBiTe forms of amphibiaDs, back tbroagh the geo- 
logical epochs to their origin in the GarboniferoiiB, the 
reeemblaiice of this seriea to the stages of the develop- 
meot of a frog wonld doubtless be still closer. Surely 
this fact, if it be a fact, is wholly ioexplicable except by 
the theory of derivation or evolntioD. The embryo of a 
higher animal of any gronp passes nom throngh stages 
represented by lower forms, because in its evolution (phy- 
logeny) its ancestors did actually have thete forms. From 
this point of view the ontogenic series (individoal his- 
tory) is a brief recapitulation, as it were, from memory, 
of tbe main points of the pbylogeoic series, or family his- 
tory. We say brief recapitulation of the main points, 
because many minor points are dropped out. Even some 
main points of the earliest stages of tbe family history 
may be dropped out of this sort of inherited memory. 

This resemblance between the three series must not, 
however, be exaggerated. Not only are many steps of 
phylogeny, especially in its early stages, dropped out in 
the ontogeny, but, of course, many adaptive modifica- 
tions for the peculiar conditions of embryonic life are 
added. But it is remarkable how even these — for exam- 
ple the umbilical cord and placenta of the mammalian 
embryo — are often only modifications of egg-organs of 
lower animals, and not wholly new additions. It is tbe 
similarity in spite of adaptive modifications that shoirs 
the family history. 

We will now illustrate by a few striking examples. 



Up-iieObyGOOt^lC 



150 EVIDEN0E8 OF THE TRUTH OF EVOLUTIOIT. 

We can not do better than to take, agwn, as oar first 
example, the development of tailless amphibians, and 
dwell & little more npon it : 

I. Ontogeny of Tailless AnipMbiaii8.—It is well 
known that the embryo or larra of a frog or toad, when 
first hatched, is a legless, tail-swimming, water-breathing, 
gill-breathing animal. It is esaentiallj' a fish, and wonld 
be BO classed if it remained in this condition. The fish 
retains permanently this form, but the frog passes on. 
Ifezt, it forms first one pair and then another pair of 
legs ; and meanwhile it begins to breathe also by Inngs. 
At this stage it breathes eqnally by longs and by gills, 
1. e., both air and water. Now, the lower forms of am- 
phibians, sDch as siredon, menobrancbae, siren, etc., re- 
tain permanently this form, and are therefore called 
perennibranehs, bnt the frog still passes on. Then the 
gilis gradually dry up as the Inngs develop, and they now 
breathe wholly by Inngs, bat still retain the tail Now 
this is the permanent, matnre condition of many amphi- 
bians, saoh as the triton, the salamander, etc., which are 
therefore called caducibrancha, bnt the frog still passes on. 
Finally, it loses the tail, or rather its tail is absorbed and 
its material naed in farther development, and it becomes 
a perfect frog, the highest order {anoura) of this class. 

ThnB, then, in ontogeny the fish goes no further than 
the fish stages. The perennibranch passes throngb the 
fish stage to the perennibranch amphibian. The cadnci- 
branch takes first the fish-form, then the perennibranch- 
iorm, and finally the cadacibranch-form, bnt goes no 
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further. last, the aoonra takes first the fish-foTm, then 
that of the perennibianoh, then that of the cadaoi- 
branch, and finally becomes anonra. This is shown in 
the diagram, which mnst be read upward, line by line. 




Now, this is nndonbtedly the order of snooessioa of 
forms in geological times— i. e., in the phylogenio series. 
This series is indicated by the arrows in the diagram. 



ian and Upper Silurian 
ibian forms. Then in 
inning, there appeared 



Fishes first appeared in the Devonia 
ia very reptilian or rather smphib 
the Carhoniferons, fishes still contin 
the lowest — L e., most fish-like — forms of amphibians. 
These were utidoubtedly perenntbrancha. In the Per- 
mian and Triassio higher forms appeared, wliioh-'W^re'cer- 
tainly cadncibranch. Finally, only in the Tertiary, so far 
as we yet know, do the highest for^t (anonra) appear. 
The general similarity of the thre^ series is complete. 
If we read the diagram horizontally, we hare the onto- 
genic series ; if diagonally with the arrows, we hare both 
the taxonomio and the phylogenio series. 

2. Aortic Aiolies. — Bat some will, perhaps, say that 
these stages in the ontogeny are only examples of adapt- 
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ive modificatious — ^like modiflcationa for like coDditiona 
of life — and had better be acconnted for in this way, 
without reference to tamil; histoij. "We will, therefore, 
take another example, which can not be thne acconnted 
for— an example in which there is no possible ose now 
for the pecoliar form or etmctore which we find. For 
this porpose we take the 
case of the course of circu- 
lation in vertebrates. 

If one examines the large 
Tesaels goiTig out from the 
heart of a lizard, he will find 
six aortic arches — i. e., 
three on each side. These 
all nnite below to form the 
one descending abdominal 
aorta. This is shown in the 
accompanying figare (Fig. 
36), in which a a' a" and 
h b' b" are the six arches. 
Now, there is no oonceiya- 
ble nae in having so many 

aortic arches. We know 

Ro. SB. — Showing heart tud out- ,, . , ,, ■ i. i 

going blood-TesselB of a lizard this, becanse tbere IB bnt 

'■^^'^ .S. S' <«" i" «* ">« °»°'°'»>". 

and the oircalation is as 

effecfciTe, nay, mnch more effective in these than in 

reptilee. The explanation of this anomaly la revealed 

at once as soon as we examine the circulation of a fish. 
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which is shown in the accompanying figare (Fig. 87). 
The mnltipUcatioD of the aortic arches is here, of 




Fia, 87.— A, heart and gill-arches of a Bah; B, one »«* with (rings 
(after Owen) ; a, the heart. 

course, neceasary, for they are the gill-arches. The 
whole of the blood passes through these arches, to be 
aerated in the gill-fringes. The use of this peculiar 
Etruoture is here obvious enough. If a lizard were ever 
a fish, and afterward turned into a lizard, changing its 
gill-respiration for lung-reapiration, then, of coarse, the 
useless gill-arches would remain to tell the story. Now, 
although a lizard never was a fish, in its individual his- 
tory or ontogeny, it was a fish in its family history or 
phylogeny, and therefore it yet retains, by heredity, this 
curious and useless structure as evidence of its ancestry. 

That this is the true explanation is demonstrated by 
the fact that in amphibians this very change actually 

la 

UigniaOb, Google 



154 EVIDENCES OF THE TROTH OF ETOLUTION. 

takes place before onr eyes in the individual history. We 
have alread; seen tliat the indiTidnal frog, in its tadpole 
Btat«, is a gill-breather. It has therefore its gill-arches 
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(Fig. 38), three on each side^ like a fish, and for the same 
reason, viz., the aSration of the blood. Bat when its giUs 
dry np and lung-respiration is established, it« now useless 
gill-arohes still remain as aortio arches, to attest their 
previons condition (Fig. 39). 2fow, the lizard andonht- 
edly came from an air-breathing, tailed amphibian, and 
therefore inherited this form of arterial distribation. In 
both lizard and amphibian the ultimate canse is an origin 
from fishes, in which snch arches are obviously necessary. 
The dia^raniB, Figs. 38 and 39, are illnstrations some- 
what idealized, showing the manner in which the change 
actnally takes place in air-breatbing amphibians. Fig, 
38 represents the tadpole stage, and Fig. 39 the matnre 
condition. In the former the gills are mostly external, 
QQ'f etc., hnt also internal, gg', as in the fish. Observe 
in this condition the small connecting vessels, cc'. When 
the external giUs dry up, these aie enlarged, and the 
whole of the blood passes through them, as shown in 
Fig. 39. It is seen, also, in Fig. 38, that a small branch, 
p, goes from the lower gill-arches to the yet radimentary 
lung, I. When the gill-fringes have disappeared, the 
whole of the blood of the lower aroh goes through the 
now enlarged pulmonary branch to the lungs, L, now in 
full activity, and the remainder of this arch disappesra, 
as shown by the dotted lines in Fig. 39. 

The change which actually took place in the family 
history of the lizard probably differed from the above 
only in being more simple, the gills being only internal 
like the fish. The external gills complicate the process 
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a little in the case of the frog, bnt the principle is pm- 
cisely the same. 

As already explained (pages 83-86), the large gap be- 
tween fishes and reptiles, as regards mode of respira- 
tion, is completely filled both in the taxonomio series 
— i. e., in ganoids, dipnoi, and the mature condition of 
the different orders of amphibians — and in the ontogeny 
of the higher amphibians. Now, we add that the same 
is true of the arterial distribution. We have gust traced 
the change in the ontogeny of the frog, bat the steps of 
the same change are traceable in passing from the typical 
fish (teleosta), through dipnoi and amphibians to rep- 
tiles. Thus, again, the phylogeuy, the taxonomy, and 
the ontogeny, are in complete accord. 

Bat the argument for erolntion does not stop here. 
If birds and mammals have come from reptiles, and 
therefore from fishes, we may expect to find some evi- 
dences of the same kind still lingering in the great arter- 
ies. And such we do find. It is a most corions and 
significant fact that, in the early embryonic condition of 
birds and mammals, including man himself, we find 
on each side of the neck several gill-slita, each with its 
gill-arch, and therefore several aortic arches on each 
side, precisely similar to what we have already described. 
These arches are subsequently, some of them, obliterated ; 
some modified to form the one aortic arch, and some 
of them still more modified to form the other great arter- 
ies coming from the heart to snpply the head and foro* 
limbs. 
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This ia so beautiful and conTincing an example, and 
one BO geuerally unfamiliar, to even intelligent persons. 



not especially acquainted wifcli biology, that it is beat to 
explain it more fally. In Pig. 40 we give a mammalian 
heart and outgoing vessels, very slightly modified, so as 
to soggest the process of change. In Fig. 41 we give 
an ideal diagram representing the primitive aortic arches 
as they exist in the embryo of mammals,- birds, and 
reptiles. It represents, also, substantially, the arches as 
they exist in the mai-ure condition in the most reptilian 
fishes (dipnoi) and in some sharks, except that in these 



UigniaOb, Google 



158 EVIDENCES OF THE TROTH OF EVOLUTIOIT. 



the arches are of coarse famished with gill-frioges. "We 
irill ase this figore, therefore, to repreaeat both the em- 




Va, 41. — Ideal diagnuD repreaeatiiig 
the primitiTe aortic uohes (after 



Fig. 42.— VodiSed foe l^ird. 



the primiti 
BMhlie). 

bryonic coaditioa of air-breathing Tertebrates and the 
mature condition of some fishes. The place of the heart 
is indicated by the dotted circle. Fig. 36, on page 134, 
shows what theBe arches become in reptiles (lizard). It is 
seen that the two upper arches on each side are obliterated, 
as indeed they already are in Bome teleost fishes. Fig, 42 
shows what they become in birds. The two upper arches 
are, of course, obliterated. The others are all modified, 
each in a manner which may be readily understood bj 
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comparison with Fig. 41. Finally, Fig. 43 shows what they 
become in mammala and in man. In the bird (Fig. 48) 
the first pair of arohes become the two pnlmonary arteries 
as they do also in the lizard. The second pair become on 
the right side (left of 
the diagram) the aortic 
arch, on the left side 
(right of . the diagram) 
the left BnbclaTian, s'c' 
(the right sabclavian, 
ec, is a branch of the 
aortic arch). The third 
pair become carotids, 
cc, while the fourth and 
fif tb^ as already said, are 
aborted. In the mam- 
mal (Fig. 43), on the left 
side (right of the dia- 
gram) the first arch be- 
comes the pulmonary 
artery, p. In the foetna the continnation of this arch 
forms the 'dactns arteriosus, which is afterward oblitep 
ated, as shown in the dotted Hue. The second arch be- 
comes the aortic arch, the third the left exterior carotid. 
On the right side (left of the diagram) the first arch 
becomes aborted ; the second, the right subclavian, sc 
(the Uft subclavian, s'c', is a branch of the aortic arch) , 
and the third, the right carotid. Nos. 4 and 5, on both 
sides, as usual, are aborted. 



UigniaOb, Google 



Ita. 4S. — Modified for munma). 



160 ETIDENOES OF THE TROTH OP EVOLUTIOSr. 

See, then, the gradaal process of 
change through the whole yertebrate 
department. In the lowest of all ver- 
tebrates, if vertebrate it may be called 
(for what corresponds to its backbone 
is an nujointed, fibroos cord), the am- 
phioxQB or lanoelet (Fig. 44), there are 
sboot forty giU-archeB on each side. 
As we rise in the scale of fishes these 
are reduced in number. In the lam- 
prey, there are seven ; in the sharks, 
nsnally five ; in ordinary fishes (tele- 
j osts), there are four or sometimes only 
three on each side, the others being 
aborted. Thus far the change is only 
by diminntion of number in accordance 
' with a law universal in biology, that 

decrease in the number of identical 
organs is evidence of advance in the 
grade of organization, provided that it 
be associated with more perfect struct- 
ure of the organ. The further change 
is one of adaptive modification. In 
some reptiles (lizard) the three gill- 
arches on each side all retain the form 
of sortie arches ; in some reptiles only 
Fio, M. — Uncelet two retain this form. In birds and 
(AmphitaiM Ian- l ■ i. ■ j ■ 

omistus). Uag. mammals only one arch is retained, in 

OTie!halE times. tbc form of aortic arch, the others W* 
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ing modified to form the great oatgoiog Teasels of the 
heart, or else aborted. It may be well to observe that ia 
birds the one aortic arch torus to the right, vhile in 
mammals it tarns to the left. This iB positive evidence 
that mammals could not have come from birds, nor vice 
versa. They both came from reptiles, and, of the many 
reptilian arches, a right one was retained by the bird 
branch, and a loft one by the mammalian. 

In all the fignres illnstratiDg this snbjeot, we have left 
oat the great incoming vessels or veins, becaase we are 
not here concerned with them, they not being trauB- 
formed gill-arches. 

I^ist of all, it may be well to stop a moment to show 
the cogency of this evidence. If it were a question of 
the origin of some atmctnre not only useful (for all stmct- 
nres selected by Nature must be useful) but the best 
imaginable, like the eye or the ear, for example ; then, if 
KB examined only the highest form or the finished article, 
there are two ways in which it is possible to explain the 
adaptive stmcture. We may either suppose that it was 
made at once out of hand, by some intelligent contriver; 
or else that it was slowly made by a process of evolution, 
becoming more and more perfect by a selection of only 
the most perfect from generation to generation. But in 
the case of the dx aortic arches of the lizard, we are shut 
up to the one explanation only, viz., by slow process of 
evolution. One arch is all that is necessary, as is plainly 
shown by the use of only one in the more perfect circula* 
taoa of birds and mammals. If the thing were done out 
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of band, tinconditioned by the previons strootare in 
fiehee, to hsTe made six iras surel; but a bimgling piece 
of work. 

3. Vertebrate Brain.— Another excellent example is 
the atructnre of the yertebrate brain. The brain of an 
average fish is represented in Fig. 45. It consiatB of four 




Fia. 4S, — Elah-bniii. a, dde tIait ; b^ top Tiew. 



or Sre swellingB, or ganglia, stmng along, one beyond 
another. Coinmenoing behind, these are, first, the me- 
dnlla, m; then the cerebellum, cl; then the optic lobes, 
ol; then tbe cerebrnm and thalamus combined, cr; and 
last, the olfaotive lobes, of. Of these, it will be observed, 
the optic lobe is the largest in the brain of the fish (Fig. 
49). Iq the brain of the reptile (Fig. 46) we hare the 



Fia. f S. — Reptlle-br^o. a, aide vie* ; b, top Tier, 
same serial arrangement, of the same parts, only that the 
cerebrum has now become the dominant part instead of 
the optic lobes. In the average bird (Fig. 4?) the cere- 
brnm baa grown so large that it extends backward, and 
partly covers the optic lobes. In the lower mammals 
(maTBupiftlB), the brain is much the same in this respect. 
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ae ID birds — i. e., the cerebram only partly covers the 
optic lobes, bo that, looked at from above, the whole se> 




Fia. 47. — Bird-brdn. a, side view ; 



; B, top rioir. 

lies of ganglia are etiU visible. But in the average mam- 
mal (Fig, 48) the eerebrnm ia so enlarged that it coTers 




Fta. 48. — Uammal-brain. A, top Tiew; b, dde Tiew. 
entirely the optic lobes and encroaches on the oerebellnm 
behind and the ol^tive lobes in front. In some mon- 
keys, indeed, the oerebellnm is nearly or even qnite 
covered. Finally, in man (Fig. 49), the cerebrum has 




Vta. 49.— Kan's bnln. A, aide view ; b, top vi 
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grown BO enormoasly tbat it corers every other part and 
completely conoeals them from yiew when the brain is 
looked at from above. In front it not only coveni bat 




Fia. so.— Ideal section gbaviDg all the above etagna. 

has grown far beyond the olfactive lobes ; behind it ei- 

tenda beyond and overhangs the cerebellnm ; on the 

sides it overhangs and 

covers aU. Looked at 

from above, nothing is 

bat this great 

ganglion. The ideal 

seotioD {Fig. 50) rep- 

7ia. St.— Sub-fish stage, th, thslamua; resents all these stages 
oi, optic lobe ; ni, medullft. ,. , . ,. 

aiagrammatically in 

one figure. After what has been said, the Bgaro will 

be readily nnderstood. 
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Kow, it is a most remarkable fact that Bubstantially 



these same stages, whioh 




taxouomic series, are passed through as transient stages in 
the embryooio development of the human brain, and in 
the order given above. The very early condition of the 
human brain is represented in Fig. 51. It is evidently 




Fto. as.— Reptile-Btage. 
nothing more than the intercranial continuation of the 
spinal cord, enlarged a little into three swellings or gan- 
glia. These are the early representatives of the medal- 
la, tiie optic lobes, and the thalamus ; which last ma; 
be regarded as the basd and most fandamental part of 
the cerebrum. This stage may be regarded as lower 
than that of the ordinary fish. I have called it, therefore, 
the nth-fish stage. The cerebellum is a subsequent out- 
growth from the medulla, as is the cerebmm and olfao- 
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tire lobes ^m the thskmiu. Fig. 53 ma; be said, then- 
fore, to lepresent fairly the fiah-stage. Henceforward the 
principal grovth is in the cerebmm and cerebellnm, 
both of which are snbseqnest ontgrowtha of the origi- 
nal simple ganglia, the mednlla, and the thalamuB. The 
cerebram espeoiall; increases steadily in relatire size, first 
becoming larger than bnt not covering the optic lobes 
(Fig. 53). This represents the reptilian stage. Next, by 




further growth, it covers partly the optic lobea (Fig. 
64). This may be called the bird-stage. Then it 




f^a. Gfi. — HftmmaUan stage. 
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ooTore whoUy the optio lobee, and encrosches on the 
cerebellnm behind and olfactive lobea in front (Fig. fiS) 
ThiB is the mammaliaD stage. Finallj, it covers anct 




orerhanga all, and thos assnmeB the haman stage (Fig. 
66). 

We have spoken thns far only of relative aixe; but 
progresstve changes take place also in oomplesity of 
stractnre — i. e., in the depth and namber of convoln- 
tioDS of the cerebrum and cerebellnm. The cerebrnms 
of fish, of reptile, bird, and lover mammals are smooth. 
Abont the middle of the mammalian series it begins to 
be convolnted. These convolutions become deeper and 
more numerous as we go npward in the scale, until thej 
reach the highest degree in the human brain. The ob- 
ject of these inequalities is to increase the surface of gray 
matter — i. e,, the extent of the force-generating as com- 
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pared with the force-traDsmittiDg part of the brain, or 
battery aa compared with condueting-wira. Now, in 
embryonic derelopment the haman brain passes also 
through these st^es of increasing complexity of organi- 
zation. Here also the ontogenic is similar to the tazo- 
nomio series. 

Now, why shotild this pecnliar order be observed in 
the bnilding of the indiyidnal brain ? Wo find the an- 
swer, the only conceivable scientific answer to this ques- 
tion, in the fact that this is the order of the buildir^ of 
the vertebrate hrain by evolution throughout geological 
history. We have already seen that fishes were the only 
vertebrates living in the Devonian times. The first form 
of brain, therefore, was that characteristic of that class. 
Then reptiles were iutrodnced ; then birds and marsu- 
pials ; then tme mammals ; and, lastly, man. The differ- 
' ent styles of brains characteriatic of these classes were, 
therefore, succeBaively made by evolution from earlier 
and simpler forms. In phylogeny this order was ob- 
served because these enccessive forms were necessary for, 
perfect adaptation to the environment at each step. In 
taxonomy we find, the same order, because, as already ex- 
plained (page 11), every stage of advance in phylogeny 
is still represented in existing forms. In ontogeny we 
have still the same order, because ancestral charaoteris- 
tics are inherited, and family history recapitulated in 
the individual history. 

But not only is this order fonnd in the evolution 
of the whole vertebrate department, but something of 
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the same kind is fonnd alao in the evolntion of each 
class. The earlieet reptiles, the earlieet birds, and the 
earliest mammals had smaller and less perfectly organ- 
ized brains than their nearest congeners of the present 
day. This is shown in the accompanying figores (Figs. 
67 and 68). To carry oat one example more perfectly ; 
Id the history of the 
horse family, in con- 
nection with the chang- 
es of skeletal stmctnre 
already described (page 
108), we have also oor- 
responding changes in 
the size and stroctnre 
of the brain ; pari pas- 
su with the improve- 
ment of the mechan- 
ism we have also in- 
creased engine -power 
and increased moscn- 
lar energy and there- 
fore increased acti-rity 

and grace. The brain i j 

of a modem horse, | 

thongh not very large, 

is remarkable for the Fio. 07.^A,b^■bo^eItinctIobtb^o^lta■ 
B, modem Urn. 
complexity of its con- 

Tolntions. The great energy, actiTity, and nerroQS ez< 
cdtability of the horse are the result of this Btrnotore. 
18 
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Gepbalizstioii. — Thus, in going up the phylogeoio, 
the taxonomic, or the ontogenio Eeries, we find a gradual 
process of development headward, brwnward, cerebrum- 
ward ; or, more generally, we might say that in all or- 
ganic evolntion we find an increaeing dominance of the 
higher over the lower, and of the highest over all. For 
example, in the lowest plane of either series we find first 
the different systeme imperfectly or not at all differen- 
tiated. Then, as differentiation of these progress, we 
find an increased dominance of the highest system — the 
nervous system; then in the nerrons system, the in- 
creasing dominance of its highest part— the brain; 
then in the brain the increasing dominance of its high- 
est ganglion — the cerebrum; and, lastly, in the cere- 
bmm the increasing dominance of its highest sab- 
staaoe — the exterior gray matter — as shown by the in- 
creasing number and depth of the oonvolations. This 
whole process may he called eephalisation. 

Shall the process stop here ? When eTolntion is 
transferred from the animal to the bnman plane, from 
the physiological to the psychical, from the involnntar; 
and necessary to the rolnntary and free, shall not the 
same law hold good ? Tes I all social evolntion, all 
culture, all education, whether of the race or the indi- 
Tidnal, must follow the same law. All psychical ad- 
vance is a c^halitation — i. e., an increasing dominance 
of the higher over the lower and of the highest over 
all ; of the mind over the body, and in the mind of 
the higher faculties over the lower; and, finally, the 



U.gniaOt>,GOOglC 




172 EVIDENCES OF THE TEUTH OF EVOLUTION. 

) enbordi&ation of the whole to 
the highest moral purpose. 

4. Pish-TailB. — Still an- 
other and last example : It 
has long been noticed that 
there are among fishes two 
styles of tail^fins. These are . 
the eTen-lobed, or homocercal 
(Fig. 59), and the nneven- 
lobed, or heterocercal (Fig. 
60). The one is character- 
istic of ordinary fishes (tele- 
osts), the other of sharlu and 
some other orders. In struct- 
ure the difference is even 
more fundamental than in form. In the former style 
the backbone atops abrcptly in a aeries of short, enlarged 
joints, and thence sends off rays to form the tail-fia 



— Homocercal tail-Gii. 



Ji, form ; B, 



3wi. 60, — Heterocercal or vertebiatcd Uil-lia. ±, form ; b, nruotan. 
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(Fig. 69, b) ; in the latter the backbone mas throagh 
the fin to its verj poiut, growlDg slenderer b; degrees, 
and giving off rays above and below from each joint, 
but the rays on the lower side are maoh longer (Fig. 60, 
b). This style of fin is, therefore, vertebrated, the other 
non-vertebrated. Figs. 59 and 60 ehow these two styles 
in form and stractnTe. Bat there is still another style 
found only in the lowest and most generalized forms of 
fishes. In these the tail-fin is vertebrated and yet sym- 
metrical. This style is shown in Fig. 61, A. and b. 




Tvt. 01. — TertebrBled but B^miDCtrical Gn. Jt, form ; b, structure. 



Sow, in the development of a teleost fish (Fig. 58), 
as has been shown by Alexander Agassiz,* the tail-fin ia 
first like Fig. 61 ; then becomes heterocercal, like Fig. 60 ; 
and, finally, becomes homocercal like Fig. 59. Why bo ? 
Kot because there is any special advantage in this saccea- 
sion of forma ; for the changes take place either in the 
egg or else in very early embryonic statea. The an- 
swer is found in the fact that this is the order of change 

•"Proceedings of American Acadeniy of Arts and Sciences," toL 
Sir, Ma;, 1B7B. 
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in the phylogenic series. The earliest fish-tails were 
either like Fig. 61 or Fig. 60 ; never like Fig. 59. The 
earliest of all were almost certainly like Fig. 61 ; then 
they became like Fig. 60 ; and, finally, only mach later in 
geological history (Jurassic or Oretaceons), they became 
like Fig. 59. This order of change is still retained in 
the embryonic development of the last introduced and 
most specialized order of existing fishes. The family hl^ 
tory is repeated in the individual history. 

Similar changes have taken place in the form and 
atruoture of birds' tails. The earliest bird known — the 
Jurassic Archteopteryx — had a long reptilian tail of 
twenty-one joints, each joint bearing a feather on each 
side, right and left (Fig. 62). In the typical modem 



Fio. 62,— Tail of the Andi^opterrx. 

bird, on the contrary, the tail-joints are diminished in 
number, shortened np, and enlarged, and give out long 
feathers, fan-like, to form the so-called tail (Fig. 63). 

The Archfflopteryx' tail is vertebrated, the typical bird's 
norir^ertebrated. This shortening np of the tail did not 
take place at once, but gradually. The Cretaceous birds, 
intermediate in time, had tails intermediate in struct- 
ure. The Hesperornis of Marsh had twelve joints. At 
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first — in Jurassic — the tail is fully a half of the whole 
Tartebral oolnmiL It then gradually ehortens up until 
it becomes the aborted 
organ of typical mod- 
em birds. Now, in 
embryonic develop- 
ment, the tail of the 
modem typical bird 
passes through aB 

these stages. At first -. .. n. >. * ^ ..>_j 

^ Fio. S3.— Tdl of a modem bird. 

the tail is nearly one 

half the whole vertebral oolamo ; then, as derelopment 
goes on, while the rest of the body grows, the growth of 
the tail stops, and thus finally becomes the aborted or- 
gan we now find. The ontogeny still passes through 
the stages of the phytogeny. The same is trae of all 
tailless animals. The frog is tailed in the larval condi- 
tion, becanse its ancestors were tailed amphibians. Even 
man himself Is endowed with a mnch more considerable 
tail, viz., eight or nine joints, in his early embryonic 
condition.* 

We have taken all onr examples from vertebrates, 
bat qnite as many and as good examples might be foand 
among articulates. Inseota, in the larval state, are 
worm-like in form. Hence it is probable that the ear- 
liest progenitors of this class were worm-like. Again, 
some insects have aquatic larrra. The progenitors of 

* Fol., " ArohivM des Sdencea," to). lir, p. 84, 1886; "Sdence," 
»oL Ti, p. 92, 1880. 
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theM — ^in fact, of all inseots — wen probably aqnatis. 
Crabs, in a lairal condition, are long-tailed, and we 
know tbat the long-tailed cmstaceans (Macroorans) pre- 
ceded the short-tailed (Braohyoarane). Water-breathing 
animalB preceded air-hreathera ; the same is tme in tho 
ontogeny of the frog, of many insects, and, we might 
add, even of mammals. For the breathing of the/tettiB 
in utero is essentially by ezposme of foetal blood to the 
oxygenated blood of the mother in a sort of giU-fringet 
(placental tufts). But why should we multiply exam- 
ples ? The whole of embryology, in every department, 
is made up of examples of the same law. ' 

ninstratlon of the DlflbrantlKtioii of the Whole Animal 
KlngdoiD. — Finally, the law of dLfferentiation in the evo- 
lution of the whole animal kingdom may be well illns- 
trated by means of the different directions taken in the 
development of the e^s of all the various kinds of ani- 
mals. Snppose, then, we have one thousand eggs, rep- 
resenting all the different departments, classes, orders, 
families, etc., of animals. Many of these may doubtless 
be identified by form or size, or some other super- 
ficial character, as the eggs of this or that animal, 
but atructurally they are all alike. At first, i. e., as 
germ-cells, they all represent the earliest condition of 
life on the earth, and the lowest forms of life now. 
If we now watch their development, we find that some 
remain in this first condition without further change. 
These we set aside. They are Protozoa. The remain- 
der continue to develop, but at first it wonld be int 
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poaeible to say to which of the several departments or 
primary groape they each belooged. Then, by celi-mnl- 
Uplication, the original single cell becomea a cell-aggre- 
g&te. It may be compared now to a compound proto- 
zoan, sach as Foramiuifera. The cell-aggregate then dif- 
ferentiates into layers, and forms, in fact, a two-layered 
sac called a gastrula. This is the strncture of some of 
the lowest ocelenterates, such as the hydra. Tbae far all 
aeem to go together. But now, for the first time, the 
primary groups are declared. If it be a vertebrate, for 
example, the most fundamental characters — the cere- 
bro^spinal axis, the vertebral colamn, and the double 
^cavity, neural and visceraJ, are ontlined. Suppose, now, 
we set aside all other departments, and fix our atten- 
tion on the vertebrates. At first we could not tell 
which were mammals, birds, reptiles, or fishes ; but after 
a while the classes are declared. We now set aaide all 
other classes and watch the mammals. After a while the 
order declares itself. We select the ungulates. Then 
the family is declared, say the Equida ; then the genus, 
Equus ; and, lastly, the species, OaMUus.* 

The same would be true if we followed any other 
line of development, whether in vertebrates or In any 
other department. Observe, then, that, in following any 
one line as we have done, there is an increasing speciali- 

* Of course, thii U % purely imo^aary cue. The coodltioiii of de- 
Telopment of the e^B of higher animals forbid oontinnous walchtog the 
process. Yet iro do obaerre !a different lodiTiduals all theae stages in 
mammals as veil as other nniirula 



UigniaOb, Google 



178 EVIDENCES OF THE TEDTH OF EVOLUTION. 

zation, and, if we followed all the lines, an increasing dif- 
ferentiation, like the branching and rebranching of a tree. 
Now, this is the type and illnstration of what took place 
in the derelopnient of the animal kingdom. We oon- 
olnde that the animal kingdom appeared first ae Proto- 
zoa, then as living cell-aggregates or compound proto- 
zoanB, then as gastmla or two-layered sacs with oral 
openings. Then the great primary departments, unless 
we except the Tertebratee, commenced to separate. This 
took place before the primordial period ; for in the pri- 
mordial fanna we have all the departments, except verte- 
brates, already declared. This completely explains why 
it is that we are able to trace homology only within the 
Hmits of each primary group. 

Bat the question has doubtless already occurred to 
the thoughtful reader, "Why should the steps of the 
phytogeny he repeated in the ontogeny ?" The general ' 
answer is doubtless to be found in the law of heredity — 
that wonderful law, so characteristic of living things. 
We have compared it to a brief recapitulation from mem- 
ory — the minor points, especially if they be also early, 
dropping out. But can we not explain it further ? It 
is probable that we find a more special explanation in 
" the law of acceleration," first brought forward by Prof. 
Cope. By the law of heredity each generation repeats 
the form and structure of the previous, and in the order 
in which they saccesaively appeared. But there is a 
tendency for each Buccessively-appearing character to ap- 
pear a little earlier in each successive generation ; and 
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by this means time is left over for the ititrodnctioD of 
still higher new cbaracterB. Thus, cbaracterB which were 
once adult are pushed hack to the young, .and then Btill 
back to the embryo, and thus place and time are made 
.^or each generation t» posh on still higher. The lav of 
acceleration is a sort of young-Americanism in the ani- 
mal kingdom. If our boys acquire knowledge and char- 
acter similar to that of adults of a few generations back, 
they will have time while still young and plastic to press 
forward to still higher planes. 

Proob firom Radlmentary and TTselesa Orgajis. — These 
have to a large extent been anticipated under previoufl 
heads. The tails of birds and the gill-arches of reptiles 
are rudimentary. The finger-bones of a whale's paddle 
or a turtle's flipper may be regarded aa useless, at least 
80 far as the exact number of constituent pieces is con- 
cerned ; for an extended surface, without yisible joints 
or separate fingers, is all that is seen, and apparently all 
that is required. The splint-bones of a horse's foot or 
the dew-claws of a dog's foot are certainly aseless. We 
have already, in speaking of modi6cations of structure 
and of embryonic conditions, given many examples of 
this kind, bat it may be well to add some striking exam- 
ples with this special point in view. 

If different orders of existing mammals were indeed 
made by gradual modi6cation of some generalized primal 
form, then it is evident that these useless remnants of 
once useful parts would be most common in the most 
highly modified forms. Now, of all mammals, the 
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whales are perhaps the moat modified or changed from 
the original mammalian form — so mnch modified, in 
fact, that the popular eye scarcely recognizes them as 
mammals at alL Here, then, we might expect, and do 
indeed find, many examples : 

1. The baleen whales hare no teeth, and no nse for 
them. Thej have instead a wonderful armature of 
fringed whalebone plates (bale«n), by means of which 
they gather their food.* Yet the embryo of the whale 
has a full set of rudimentaiy teeth deeply buried in the 
jawbone, and formed in the usual way characteristic of 
mammalian teeth — i. e., by an infolding of the epithelial 
surface of the gam — but the teeth are never cut; in fact, 
they reach their highest development in mid-embryonic 
life, and are again absorbed. Why, then, this waste of 
developmental energy ? Why should teeth he formed 
only to be reabsorbed without being cnt F The only con- 
ceivable answer is, because the ancestors of the whale, 
before the family of whales was fairly established, had 
teeth which were gradually, from generation to genera- 
tion, aborted, because no longer used, the baleen plates 
having taken their place. If whales were made at once 
out of hand as we now see them, is it conceivable that 
these useless teeth would have been given them ? 

3. Again, many whales have rudimentary pelvic bones, 
but no hind-limbs. Why should there be pelvic bones, 

* Tbeac baleen plat«fl are not laodiGcationB of teeth, ai miglit M Grst 
Im eapiioscd, but rather of the traosTerao gum-ridges found on the roof 
of the mouth of man; munrnkts, and conapicuoui in the hone. 
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wheu the sole object of these bones is to act as a basis 
for hiad-limbs ? In some whaJes, for example the right 
whale, there are also rndimenta of hind-legs, but these 
are haried beneath the skin and flesh, and therefore, of 
coarse, -wholly useless. The only explanation of these 
facts is that the ancestors of all the whales before they 
had become whales were quadrupeds, which afterward 
took to the water, and little by little the hind-lep, for 
want of nse, dwindled away to the nseleas remnants 
which we now find. 

3. Again, whales seem to be hairless, .yet rudimentary 
hairs are found in the skin. Their organs of smell are 
rudimentary, but made on the pattern of those of mam- 
mals, not of fishes — i. e., they are air-smelling, not 
water-smelling organs. From all these, as well as many 
other facts, it is evident that the whales descended in 
early Tertiary times from some marsh-loving, powerful- 
tailed, short-legged, scant-haired qnadraped by modifica- 
tions gradually induced by increasing aquatic habits. 

Examples of snch rudimentary organs might be mul- 
tiplied without limit. As might be expected, some are 
found even in man. Snch, for example, are the mnselcs 
for moving the ear, necessary in animals but useless in 
man, and therefore rudimentary. Similarly useless in 
man are the scalp-muscle, used by animals to erect the 
crest or bristles on the head, and the skiu-muscle of the 
neck and chest, used by animals for shaking the ekin of 
those parts. Most persons have lost tlie power of using 
these. For my part I can use them all — ear-mnsdes. 
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Bcalp-moade, skin-mnscle — bat the^ nerve no aeefiil par* 
pose. ^i^Ai-'-'rvV^ui v.- . >.■.,,. ■■■A. v^v o. ...«.^H.<^^ 

Agam, and finally, in than and* many mammals ve 
find a slender, Torm-like appendage abont three inches 
long, attached to the csaonm of the large intestine. 
Anatomists and physiologists, nnder the infinence of that 
philosophy which maintains that every part of the feat^ 
fnlly and wonderfally made hnman frame was directltf 
contriTed to subserve some osefnl porpose, have pazzled 
themselves to find the nse of this. It probably has no 
nse ; on the contrary, it is a continual source of danger. 
If the human body had been made at once oot of hand, 
it iroold not have been there. How came it, then P It 
is the rudimentary remnant of an organ — a greatly en- 
larged otecnm — which has served, and in some mammals 
still serves, a useful purpose. All these cases are sur- 
vivals ; they are organs which, like many customs in 
society, have outlived their uaefulness, bnt still continoe 
by heredity. 

But why multiply examples ? All along the track of 
evolution organs become aseless by changes in the habits 
of their possessors. They are not, however, shed or 
dropped bodily at once. No ; they are retained by 
heredity, bnt dwindle by disuse, more and more, until 
they pass away entirely. But even when they are en- 
tirely gone in the adult, they are often found still lin- 
gering in the embryo. They are among the most obvious 
and convincing proofs of the origin of organic forms by 
derivatioa. 
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PBOOFS VROV. QEOGBAPHIOAL DISTBIBUTIOIir 07 
OBOAKISHS. 

It is well knows that the kioda of organisms foand 
in widely-separated countries differ more or less con- 
spicuously. The traTeler in Aostralia or in Africa fioda 
all, the traveler in Enrope nearly all, the animals and 
plants wholly different from those he has been accos- 
tomed to see at home. Even the visitor from the At- 
lantic to the Pacific ooaat, if he obaerrea at all, will 
find nearly all organisms strange to him. The facts of 
geographical diversity of organisms are so nnmerons 
and complex that, at first sight, they seem utterly 
lawless. Only recently this subject has been redeemed 
from chaos and reduced to something like order and 
law by the light thrown upon it by the theory of evo- 
lution. We will give, in very brief outline, the most 
important facts, and then show how they may be ex- 



Geognphiml F&unas and Floras.— The group of ani- 
mals and plants inhabiting any locality, whether pecul- 
iar to that locality or not, is called, in popular lan- 
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gnage, its fauna and flora. But, in a tnie scientific 
Bense, a fauna and flora is a natural gronp of animals 
and plants in one place, differing more or less conspic- 
nonaly from other groups in other places, and s^araied 
from them by phyaico-geographical boundaries, or btf 
physical conditions of some hind. The members of 
such a group can only exist in certain harmonic rela- 
tions with external conditions, and with one another. 
These relations with one another are often complex and 
nicely adjnsted, so that change in one term ie propa- 
gated through the whole series of terms, giving rise 
often to the most unexpected results, until finally a 
new eqnilibrinm is eBtabUshed. Thns, the destruction 
of certain insectiToroos birds, in mere wanton sport, 
may give rise to the multiplication of insect pesta, and 
this to the destruction of certain kinds of plante, and 
this to the dimination of certain herbiTores, and this 
in its turn to the disappearance of certain carnivores. 
It is well known that the introduction of rabbits into 
Kew Zealand and Australia has produced the most nn- 
expectedly disaatrons eSect npon certain crops, on ac- 
ooant of the absence of the fierce and active carnivores 
which keep in check their ezcessire multiplication in 
Europe. 

Now, among the physical conditions which limit 
faunas and fioras, and separate them from each other, 
the most important and universal is temperature. 

Temperature-Regions. — If we travel from equator to 
pole, we pass through mean temperatures varying from 
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80° to 0°. This giTOB rise to a very re^lar zonal ar- 
rangement of plaab-forms : 1. We have first a region 
in irhich palms and palm-like forms are abundant and 
cbaraoterietio, and which therefore may be called the 
region of palms. It corresponds with the tropic zone. 
2. We next have a region in ■which bard-wood folifer- 
ons trees are most abundant and characteristic ; first 
mostly evergreens and then deoiduooB trees, and there- 
fore may be called the region of hard-wood forests. 
This corresponds with the temperate-zone. 8. Then wo 
find a region characterized predominantly by pines and 
pine-like trees and birches, and may be called the 
region of pines. This is the saVArotio region. 4, 
Then a region without trees, but only shmbs and 
gammer plants. This is the Arctic region. 5, And, 
finally, an almost wholly plantleas region of perpetual 
ice — tbe polar region. 

These regions are determined wholly by temperature, 
and therefore, in going up a mountain-slope to snowy 
summits, we pass through similar regions in smaller 
space. For example, in going from sea-lerel to the 
summits of the Sierra, 14,000 to 15,000 feet high, we 
commence in a region of predominantly hard-wood 
trees; but at 3,000 feet the forests become almost 
wholly ooniferons, at 11,000 to 12,000 feet the vegeta- 
tion becomes shrubby, and at 13,000 feet we reach 
perpetual snow. 

We have taken plants first, because these, being 
fixed to the soil and incapable of voluntary seasonal 
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migrationa, are more strictly and simply limited by 
temperatare — i. e., the arrangement of different kinds 
in zones is more simple and oonspiouoos. Bat the 
same mle holds also for animalB. In passing from 
equator to pole, animal kinds also change frequently, 
so that there are many temperatnre-faunas in which 
the animals are all very difterent. In both animals 
and plants, t^)ecieB, genera, families, eta, are limited 
by temperature. These are familiar facts ; we recall 
them to the reader in order that we may base thereon 
a clearer definition of these limits. 

More Ferfeot Beflnition of Re^ons. — 1. The area 
over which any form spreads is called its raTige. Now, 
the range of a species is more restricted than that of 
a genus, beoaase, when a species ia limited by tempera- 
ture, another species of the same genus may carry on 
the genus. For the same reason the range of a family 
ia usually greater than that of a genus, and so on for 
higher classification-groups. For example, pines range 
on the slopes of the Sierra from about 2,000 feet to 
11,000 feet, but not the same species. In ascending, 
we meet first the nut-pine (Pinua Sabtniana), then the 
yellow-pine (P. ponderosa), then the sugar-pine (P. 
Lumber liana), then the tamarack-pine {P. contoria), 
and last, the Pinas fiexilis, etc. 

2. Where two contignons temperature-regions come 
in contact, there is no sharp line between ; on the con- 
trmy, they tkade gradually, almost imperceptibly, into 
one another, the ranges of species overlapping and in- 
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terpeBfltratiiig, and the two speciea coexisting on the 
borders of their ranges. This is represented bj the 
diagram (Fig. 64), in which the horizontal lines repre- 
sent the north and south ranges 

of species of two groups, A and ^ 

B, separated by the dotted line. """" 

3. Species also pass oat 

gradoally on the borders of 

these ranges and others come * 

in gradually, so far a» number ^^- **■ 

and vigor of individuals are concerned. It a a' and J ft' 

(Fig. 65) represent the north and south range of two 

species, and b a' tbelr overlap or area of coexistence, 

then the height of the curves a and b will represent the 



number and vigor of the individuals in different parts 
of the range. 

4. While, therefore, there is a shading of contigu- 
ous groups into each other by overlap of species-ranges ; 
while there is also a gradual passing out of species so far 
as number and vigor of individuals is concerned, yet, in 
specific characters we observe usually no such gradation. 
Species seem to come in on one border with all their spe- 
cific characters perfect, remain substantially unchanged 
throughout their range, and pass out on the other border, 
still the same species. In other words, one species takes 
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the place of ftnother, nsaally by substiiution, not by 
tratiamutation. It is as if species had originated, no 
matter bow, each in its own region, and had spread ia 
all directions as lar as physical conditions and struggle 
with other species Toald allow. This important snbject 
will be more folly discussed later. 

6. We have tlins far spoken of species as limited bj 
temperature a]one, bnt they aie limited also by barriers. 
If, then, there be an east and west barrier, snob as a high 
mountain-range, or a wide sea or desert, there will be no 
shading or gradation of any kind, becanse the barrier 
prevents overlapping, interpenetration, and strnggle on 
the margins. For example : The species north and eonth 
of the Himalayae, or north and south of Sahara, are 
widely different. It is, again, as if they originated each 
where we find them and spread as far as they could, but 
the physical barrier prerented mingling and shading. 

6. There are temperature-regions south as well aa 
north of the equator. Kow, although the climatic con- 
ditions are quite similar, the species of corresponding 
temperature-regions north and sonth are wholly differ- 
ent. It is, again, as if they originated where we find 
them, and were kept separate by the barrier of tropical 
heat between. If carried over, they often do perfectly 
welL 

Continental lizunas and Floras. 

It the land-surfaces were continuous all around the 
globe, there is little donbt that each temperature region 
with its characteristic species would also be snbstantially 
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ooDtinnonB. There would, it ie trne, be aome local varia* 
Hone depeadeut upon soil and hnmidit;, etc., bat snb- 
staQti&Ily the same species would exist all aroaud. Tho 
distribution would be almost wholly zonal. But the in- 
tervening oceans are complete barriera to continental 
species. Hence we ought to expect, and do find, that the 
faunas and floras of different continents are almost to- 
tally diSerenL 
Each apparently 
originated on its 
own continent, 
and did not 
spread t« other 
continents, only 
because they 
could not get 
there. It is ne- 
oeseaiy to explain 
this in more de- 

to^l- Fio. 66. — Polar progeotionor (he earth. 1, trojA- 

"Piff 66 renre- '^'^ ^' '^"'P^'^^i S, Bub-arctio ; 1, arctio ; 

°' " S, polar ragiooa. 

sents a polar view 

of the earth, showing the eastern and western conti- 
nents, and the five temperature zones already described. 
Now, if we examine the species in each region, com- 
mencing at the pole, we find that those of Nos. 5 
and 1 are almost identical all around. The reason is 
obTJous. The continents come close together there, 
with ice-connection if not land-connection all around. 
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There is bat one oircnmpolKr region. But, as soon as 
we come dovn to No. 3 and No. Z, the species on the 
two ooDtineats ore ne&rly all different, because there 
ia an impassable barrier between, either in the form ot 
ocean or of Arctic cold. For example, the animals and 
plants inhabiting the United States are almost whol- 
ly different ttom those in Europe, not only in species, 
bnt even largely in genera and to some extent in families. 
There are some exceptions to this mle, but these are of 
the kind which proTe the rule, or rather the principle on 
which the mle is founded. These exceptions are mainly 
of three kinds: 1. IntTOdwced species. — All our weeds, 
many garden-plants, and many animal pests are of this 
kind. They were not found here when America was 
discoTcred, only because they could not get here ; for, 
when brought here, they do so well that they often over- 
run the country and dispossess the native species, as we 
ourselves have done the Indians. 3. Hardy or else wide- 
migrating species, — Hardy species have vride range ; they 
may belong to No. 4 as well as No. 3. If so, they range 
down to No. 3 on both continents. Migrating birds, snch 
as docks and geese, etc., breed in snmmer in No. 4, and 
migrate soathward in winter on both continents from the 
common circumpolar ground. 3. Alpine species. — It is 
a curious fact that species on tops of snowy mountains 
in temperate regions of the two continents are wonderfully 
similar, though so completely isolated. We are not yet 
prepared to discnss this point We shall do so later. 
Suffice it to say now that it can be completely explained. 
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In region No. 1 the coDtinental diveTsity is stiU 
greater. Not only species and genera, bat whole {ami< 
lies and even orders, are pecaliar to each continent The 
great pachyderms — elephant, rhinoceros, hippopotama»— 
are peculiar to tbeEastem; the edentates — sloths and 
armadillos — to the Western. The bammiug-birds, those 
gems of the forests, of which there are over fonr bnn~ 
dred species, uid the whole cactus family, are pecoUar 
to America, while the tailless monkeys are eqoall; char- 
acteristio of the Eastern Continent. 

The continents do not come together again toward 
the south, and, therefore, as might be expected, the 
great difference between the two persiste to the southern 
points. The fannas of the sonthem points of South 
America, Africa, and Australia are Tery different 

SabdlvlBioiis of Qontiiieiital Faunas and floras.— Be- 
sides the BubdiTisions of continental faunas, noriih and 
south, determined by temperature as already explained, 
if there be in any continent an impassable barrier run- 
ning nori^h and south, there will be a corresponding dif- 
ference in the species on the two sides, east and west 
We give but one example : The Xorth American Cordil- 
leras or Bocky Monnt^ns, with their high ranges and 
deaerii plains, constitute a very great barrier between 
the eastern and western portions of tho United States, 
Hence, we find an extraordinary difference between the 
species inhabiting California and those found in the east- 
em portion of the country. Speaking generally, all the 
species and many of the genera are pecaliar. The ex* 
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oeptioDs, too, are signidcant. LeaTiag oat introdnced 
Bpeoies, of which there are many, thej are mostly strong- 
winged or widely-migrating birds, sneh aa the turtle- 
dove, the turkey -buzzard, the bald eagle, and, of 
course, many water-birda. 

Speolal Cases. — If any body of land is widely sep- 
arated from all other lands by deep seas, we inTaiiably 
find a correspoiidiiig peooli&rity of its species. Thus, 
the species iohabitiDg Australia and Madagascar are per- 
haps the most peculiar in the world. We do not dwell 
further on these, becaose we will discoaa them hereafter. 
There is a little group of very small islands— the Gala- 
pagos—about six hundred miles ofl the western coast of 
South An^erioa, and surroanded on all sides by deep sea. 
These islands are stocked with a collection of oarious 
animals not found elsewhere on the surface of the earth ; 
but among them are no mammals at all. We might 
multiply examples without limit. Even the rivers empty- 
ing in the same sea sometimes have each its peculiar spe- 
cies of mussels. In the Altamaha Kiver there are several 
species of uuios — such, for instance, as the wonderful 
spinous unio — not fonnd elsewhere. How came they 
there f Howsoever they may have come there, they are 
now kept isolated there by barriers of land and of salt 
water. 

Many other curious details will come up in our dis- 
cussion of the origin of diversity, 

Uarlse Spedes. — Precisely the same principles apply 
here ; but diversity in the case of marine species is 
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perhaps less marked, and certainl; less general, because 
of thn aDwersal oceanic coaDectioD. Opea-sea species 
are therefore almost aniTersal. Bat maoy marine spe- 
cies are confined to shallow water, and therefore to 
shore-lines. The species on the two shores of the same 
ocean, or the two oossts of the same continent, are dif- 
ferent, heing isolated east and west by barriers of deep 
sea or of land, and north and sonth b; temperature. 
Also abont isolated lands, like Aostralia and Madagas- 
car, the species are peculiar, 

TboB, then, species, genera, etc, are limited in every 
direction ; north and sonth by temperature, and in all di- 
rections by barriers, in the form of oceans, deserts, and 
moantain-chains. , Add to these, peculiar climates and 
soils, and we see that, from this point of view, the 
irhole snrface of the earth may be divided and sub- 
divided into regions, snb-regious, provinces, etc. It 
wonld carry ns too far to ezpliiin the primary and 
secondary divisions adopted by Mr. Wallace, and the 
somewhat different ones suggested by Mr. Allen. Oar 
main object is to discuss the cause of this diversity, 
and especially to show the light shed upon it by the 
theory of evolution. We have only given a sketch of 
the facts snflBcient for this purpose. 

Theory of the Origin of Qeographical Diversity. 

It will be observed that all along we have assumed 
s sort of provisional theory. We have said in every 
oase, \i ii aa if organic forms originated where we find 
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them, and have gone thence wherever they coald — as 
far in every directioa as physical conditioDS and strag- 
gle with competiDg species would ^ow. This view 
has been formulated as the "theory of specific centers 
of origin." There wonld be less objection to this as a 
first proTisional theory did it not assnme a sapematn- 
ral mode of origin. Bnt, in the minds of those who 
hold it, it has usually assnmed expressly or tacitly the 
form of " tpecips centers of creation," thus implying 
the immatabiiity of specific types and the sapematn- 
ralism of specific ■ origin (page 68). In this latter or 
nsual form it completely fails to accoant for the facts 
given above. For, if this were the mode of origin, 
each species ought in every case to bp perfectly adapt- 
ed to its own environment, and to no other. But, on the 
contrary, introduced species often fioarish better than 
in their own conntry, and better than the natives at 
their new homes. In the less objectionable form of 
"specific centers of origin," without defining the mode 
of origin, it accounts well for many of the more obvi- 
ous facte of geographical diversity, as it now exists, but 
not all. According to this view, the amount of diver- 
sity ought to be in strict proportion to the complete- 
ness of isolation, or impassableness of the separating 
barriers ; but this is not exactly true. There is another 
element, not yet mentioned, which is just as important 
as impassablenesB, but which until recently has been 
left entirely out of account This is the element of 
time — the amount of time since the barrier was set up, 
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or during which it has continued to exist. These two 
elements, it is trae, are closely connected with each 
other ; for, since all changes in physical geography hare 
taken place very slowly — since barriers in the form of 
mountain-ranges and eeos have increased by alow pro- 
cess of growth — it is evident that impassableneas is, to 
some extent, a measure of time. But they are by no 
means in strict proportion. The one or the other may 
predominate. 

Now, this time-element connects geographical distri- 
bution with changes of physical geography and climate 
in geological times, and especially with the latest of 
these changes, viz., those occurring during the OlaeitU 
epoch. During that remarkable epoch extraordinary 
changes of cliiftate, from extreme Arctic rigor to great 
mildness, enforced wide migratious of species southward 
and northward ; while concomitant changes of physical 
geography, by elevation of the earth's crust over wide 
areas, opened highways between previously-isolated con- 
tinents, permitting migrations in varioas directions, and 
by subsequent depression again isolating the migrated 
species in their new homes. It is evident, then, that 
the recognition of the element of almost unlimited 
time at once introduces into the question of geographi- 
cal distribution the idea of evolution. If the study of 
geographical distribution, as it now exists, and as a 
part of science of physical geography, gave rise natu- 
rally to the theory of "specific centers of origin," the 
study of the same, in connection with geological timCf 
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and ae s part of geological science, now demands ita 
explanation by the theory of evolation. 

It mast be borne in mind, then, that geogiaplucal 
dirersity of organiams Ib not a qaestiou of the present 
epoch only. There bae been geographical diversity in 
every previous geological epoch ; it is, therefore, a ques- 
tion of geology as well as of biology. It is probable, 
however, that diversity has increased with the coarse 
of geological times, and is greater now than ever be- 
fore. In other words, in the evolntion of the organic 
kingdom, the law of differentiation has prevailed here, 
as in other departments of biology. A clear statement 
of the causes of the present distribntion of organisms 
must embrace also the causes of geographical diversity 
generally. We give, therefore, at once a brief state- 
ment of what seems to us the most probable view, and 
shall then proceed to show how it explains the present 
distribution. 

Most Probable View of the General Process.— Bear- 
ing in mind, then, this time-clement, the phenomena 
of geographical diversity are best explained by the fol- 
lowing suppositions : 1. A gradual progressive move- 
ment (evolution) of the organic kingdom, marching, 
as it were, abreast, at equal rate along the whole line — 
i. e., in all parts of the earth, and throaghont all geo- 
logical times, under the action of all the forces or fac- 
tors, and following all the laws, of evolntion ^ready ex- 
plained (pages 19 and 73). If this were all, there wonid 
be no geographical diversity, although organic diversity 
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might be ss great as it is now. There vonld lie dif- 
ferentiation of forma and etructare everywhere, but no 
difFerentiation of groups in different localities. 3. 
Under the inflnence of different conditions in different 
places, more or lees isolated from one another by cli- 
matic or physical barriers, the onward moTement (evo- 
lotion) of organic forma takes different directions and 
different rates, and gives rise to local groaps, which 
become more and more differentiated, without limit as 
time goes on. This element, acting by itself through- 
out all geological times, would ere this have produced 
an extreme geographical diversity, such as does not any- 
where exist. 3, From time to time, at long intervals, 
exteasive changes of physical geography and climate, 
produced by crust elevations, partly enforce by change 
of temperature, and partly permit by opening of gate- 
ways, extensive migrations and dispersals of species, by 
which miagliog and struggle for life and final readjust- 
ment takes place, and extreme diversity is prevented. 
Such mingling of different faunas and fioraa on the same 
ground, and the severe struggle for life that thus ensues, 
and the survival of the fittest in many directions, are, as 
already ahown, among the most powerful factors of evo- 
lution. They tend to increase organic diversity, but to 
diminish geographical diversity, i. At the close of such 
great periods of change as indicated in the laat, by con- 
trary movement of the earth-crust — i. o., subsidence — 
new barriers are set up and new isolations are produced, 
and the process of divergence again commences and 
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increases eteadilj so long as the barriers cooUnae to 
esiat. 

Now, the last of these periods of great changes and 
extensive migrations, and subsequent isolations, was the 
Glacial epoch. It waa this epoch, therefore, which 
mainly determined the present geographical distribu- 
tion of species. Thus, the present distribntion is a key 
to the directions of the last great migrations, and there- 
fore to the natnre of the changes in physical geogra- 
phy and climate which then ocoarred ; and, conTCrsely, 
the character of these changes, determined in other 
ways, furnishes the only key to the present dielridution 
of species. 

Before applying the foregoing principles in the ex- 
planation of special cases, it may be well to give a very 
brief oatline of the condition of things during the Gla- 
cial epoch. 

Id America, daring this epoch, by increasing cold 
the southern margin of the great northern ice-sheet 
crept slowly southward, until it reached the latitude of 
about 38° to 40°. Arctic species were thus driven 
southward slowly, from generation to generation, until 
they occupied the whole of the United States, as far 
as the shores of the Gulf, while temperato species 
were forced still farther south, into Central and South 
America. This period of extreme rigor and southward 
migration was followed by a period of great mildness, 
during which the ice and its accompanying Arctic con- 
ditions retreated northward, followed by Arctic epeciea. 
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More than one advanoo and retreat, apparently, oc- 
curred dnring this time. Again, during the same time, 
bronght about by northern eleTation, there waa broader 
connection than now exists between Korth and Sonth 
Ajnerica, and free migrations between, in both direo< 
tioQB, enforced by extreme changes in temperatnre. 
Also, dnring this or previous time, there were broad 
connectioDB between !North America and Asia, in the 
region of Behring Strait, and between America and 
llnrope, in high-latitude regions, and extensiTe migra- 
tions of faunas and floras between were thus permitted. 
The necessary result of all these migrations of species, 
partly enforced by changes of climate, partly permitted 
by opening of gateways since closed, waa exceptionally 
rapid changes in organic forms. This was the resalt of 
two causes : First, the seyerer pressure of a chan^ng 
physical euTironment j and, second, a severer struggle 
for life between the natives and the invaders. 

In Enrope, daring the same time and from similar 
canses, there were at least three or four different faunas 
strnggling together for mastery on the same soiL First, 
there were the Pliocene indigenes, who had, if any, 
pre-emption right to the soil ; second, invaders from 
Arctic regions, driven southward by increasing cold ; 
third, invaders from Asia, permitted by the removal 
of the old sea-barrier which once extended from the 
Black Sea to the Arctic, and of which the Caspian and 
Aral are existing remnants, and thus opening a gateway 
for migration which has remained open ever since; 
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fourth, invaders from Europe and Asia into Africa 
and Bometimes back again into Europe, b; opening of 
gateways throngh tbe Mediterranean, which bare been 
Binoe closed. One of these highways waB throngh Gib- 
raltar, and one from Italy to Africa throngh Sicily. 
Aa in America, bo her^ in even greater degree, the 
severe pressnre of changing environment and the severe' 
struggle for life prodaced rapid changes of organic 
forms. Many species were deBtrojed ; others saved 
themselves by modifications adapted more perfectly to 
the changed conditions. There is little donbt that 
man came into Europe with the Asiatic invasion, and 
was one of the principal agents of change, especially 
in the way of destmction of many old forma. 

Such is a very brief ontline of the last great geo- 
logical change and its general results. Being the last, 
this one has left tbe strongest and most universal im- 
press on the present geographical distribution. But 
similar changes by crust oscillations, if not also by 
extreme changes of climate, have repeatedly occurred 
in geological times, and some of the most remarkable 
geographical faunas and floras are the result of these 
earlier geological changes. We will now give a few 
examples illustrating these principles: 

1. Australia is undoubtedly more peculiar in its 
fauna and flora than any other known country. Not 
only are all its species peculiar, not found elsewhere 
on the face of the earth, but its genera, its families, 
and even many of its orders of animals and plants, are 
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sleo peculiar. These facta an bo familiar that it is 
nnneoeBsar; to dwell on them. I need only mendon, 
among plants, the whole of the eimple-leaved acacias, 
already mentioned on page 86, of which there are so 
man; species, and the whole family of the encalyptids, 
of which there are seTeraJ hundred species. Among 
animals I need mention only the order of monotremea, 
or egg-laying mammals, and nearly the whole order of 
marsnpials, or ponched uiimals, of which there are 
over two hundred apeoies. On the other hand, the 
true typical mammals are entirely absent, with the ex- 
ception of a few bats and a few rata, which have evi- 
dently been accidentally introduced from abroad. 

Another rery noteworthy fact, which must be taken 
in connection with the last, is that Australian forms 
are far less advanced in the race of evolution than 
those of any other country — i. e., that many old forms 
which have long ago become extinct elsewhere are still 
retained there. A few examples will suffice. The mar- 
aupials jnat mentioned are an old form onoe nniyersally 
distribated, but now nearly extinct everywhere, except 
in Auatralia ; the cestracion, or Port Jackson shark, 
and the ceratodua, are Palteozoio and Mesozoic forms 
retained only in Australia. 

What is the explanation of these remarkable facts ? 
We find the sufficient answer in the fact that Australia 
has been long isolated from all other countries. While 
geographical changes in geological times have mingled 
more or less the organic forms of other countries, and 
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the sharp Btmggle for life has produced more rapid ad- 
TaDoe and the prodnctioa of maQj new and higher forms 
better armed for the battle of life, Australia bae remained 
isolated from competition, and therefore oomparatiTely 
Tin progressive. 

Can we tell when Australia was finally isolated ? Ap* 
proximately we can. The class of mammals is divided 
into two groups, which differ widely from each other; 
so widely, that they are called snb-classos. These are 
placental mammals, or trae typical mammab, and non- 
plaoental or reptilian mammals. The non-placentals in- 
clnde only the marsnpiala and the monotremes (ornitbo- 
rhyncns and echidna). The monotremes actnally lay 
eggs and incubate them. In the marsQpials the embryo 
has no placental connection with the mother, and is 
born in a very imperfect condition, utterly nnfit for in- 
dependent life, and placed in the ponoh (marsnpinm), 
and permanently attached there to the teat until it is 
cap'able of independent life ; after which only it Tolnntar 
rily nnrses like other new-horns. In other words, the 
gestation commenced in the womb is completed in the 
pouch. The uterine gestation in the opossum is only 
seventeen, days, while the marsupial gestation is about 
two and a half months. In a kangaroo seven feet high 
in sitting position the embryo at birth is only one inch 
long — a pink, hairless, ^most amorphous mass. The 
monotremes are pure oviparous animals, like birds and 
reptiles. The marsupials might well be called semi- 
oviparous. In pure egg-layers the whole embryonic de- 
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Telopment is outside of the body ; in pare yonng-bearers 
the whole la within the body ; in marsnpialB it ia partly 
within and partly without. Now— 1. The monotremcB 
are found nowhere bnt in Anstralia and the neighbor- 
ing New Guinea. 2. The marsupials are also all con- 
fined to the AoBtralian region, except a few oppossums 
in America. 3. There axe some two hundred and thir- 
ty Bpeciea of non-placenttds in the Australian region. 
4. Ab already said, there are ao true mammals at all in 
Australia, except a few bata and rats which have come 
accidentally from abroad. 6. But non-placentals existed 
abundantly in Mesozotc times everywhere, both in Eu- 
rop-Asia and in America, while true mammals did not 
appear at all on the surface of the earth until the Ter- 
tiary, when they almost immediately became very abun- 
dant eyerywhere, except in Australia. Evidently, there- 
fore, Australia was isolated be/ore the Tertiary. The 
enormous difference between its fauna and flora and 
those of other countries is due to at least three things : 
1. So long an isolation necessarily produced great diver- 
gence of forms. This alone, however, would not affect 
the grade of organization. 2. Saved from wide migra- 
tions, and especially invasions from Eurasia, the great 
field of competitive struggle, it was left far behind in 
the race of evolution. Hence many of its forms are ar< 
chaic ; its mammalian fauna, for instance, is still m the 
Mesozoio stage. 3. Its distance from other large conti- 
nents is so great that accidental colonization has been 
very slight, only extending to a few bats and a few rats. 
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I Btop a moment to ineist on the efFect of competitive 
straggle la developing organic forms strong for the battle 
of life. Of all the continents, Enrasia has been the scene 
of most freqaent geological changes, aod therefore the 
arena of fiercest oompetitiTe straggle thiongh wide and 
frequent migrations. Eorasian Bpeciee, therefore, are 
the strongest of alL They have oonqaered wherever 
they have gone. Species in isolated regions are asually 
the weakest The great moas and the dodo coold not 
have continued to exist unless protected in a sort of 
bomt>proof. Eang&roos would now be quickly extermi- 
nated by the introduction of fierce Eurasian carnivores. 

2. Africa. — The fauna of that part of Africa north 
of Sahara is essentially Mediterranean — i. e., a sab-gronp 
of the Eurasian. Sahara, rather than the Mediterranean 
Sea, is the true intercontinental barrier. The true Afri- 
can region, therefore, is south of Sahara. Now, accord- 
ing to Mr. Wallace, whom I mainly follow here, the trne 
African mammalian fauna consists of two very different 
groups of animals. The one is a group of very small, 
onriooB animals, mostly low forms of insectivores and 
lemors, very peculiar to this region, though more resem- 
bling those of Madagascar than of any other region ; the 
other is a group of large and powerful animals which 
dominate the region. These latter are similar to, though 
not identical with, those which inhabited Eurasia in Pli- 
ocene times. The great carnivores, pachydenns, and m- 
miaants of the region are examples of this group. Now, 
the explanation of these facts is as follows : The iudige- 
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nea of Africa are the aDimala of the first groap. Africa, 
in Tertiary times, was isolated from the great field of 
combat, Eurasia, aad therefore its animals were small, of 
low grade, and peculiar. During later Tertiary (Plio- 
cene) times, then, Africa was inhabited by animals of the 
first group, while Earasia was douiinated by animals of 
the second group. These two groups were then sepa- 
rated by the Desert of Sahara, or else by a sea in that re- 
gion. Some time daring the Qlacial epoch geographical 
changes removed this barrier, and climatic changes drove 
the Eurasian animals aonthward into Africa, where, find- 
ing congenial climate, they took possession of the conti- 
nent, dominating the feebler natives. Subsequently they 
were isolated there by the formation of the desert, and 
the process of divergence commenced, and has gone on 
to the formation of many new forms. Meanwhile the 
change, partly by extinction and partly by modification, 
has gone on still more rapidly in Eurasia, hut in a dif- 
ferent direction. Hence, Africa is regarded as one of the 
primary faanal regions. 

3. Madagascar. — This, next to the Australian, is 
probably the most peculiar fannal region known. There 
is probably not a single mammalian species found there 
which is known to occur anywhere else. It is remarkable 
also as the principal home of that strange, generalized, 
ancient form of monkeys — the lemurs. And yet its ani- 
mals, though very different, have a distant resemblance to 
those of Africa ; not, however, to the present dominant 
type, but to those we have called the indigenes. Not 
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one ot the northern mvaderB is found there. The ob- 
Tious conclusion from these facta is, that Madagascat 
was formerly united with Africa, and both were occupied 
bj the same mammalian fauna (which may be called Af- 
rican iodigenes, although they were oooBiderably differ- 
ent from their descendants of the present day), but be- 
came separated before the northern iuTasion. The effect 
of this invasion was to hasten the steps of change in the iu- 
digenone fauna of Africa, partly by extermination, partly 
by modification, while the isolated portion in Madagascar 
went on at the usual slow rate of change in isolated re- 
gions. The time since the separation (which was cer- 
tainly during the Tertiary period) has been sufficiently 
long to produce very great divergence in both, but espt- 
eiaUy in the African indigenes. Id the fauna ot Miida- 
gascar, therefore, we have a nearer approach to the origi- 
nal fauna of both. On account of this long isolation, we 
have here many ancient types which are extinct else- 
where. The lemurs are such an ancient type. These are 
a wonderfully-generalized type of monkeys — a connect- 
ing link between monkeys and other mammals, especially 
insectivores. As might be supposed, from the law of dif- 
ferentiation, already explained (page 11), they are the 
earliest form, the progenitors, of monkeys. In fact, in 
early Tertiary times, they were found not only in Africa , 
and Madagascar, but all over the earth, as the only rep- 
resentatives of the monkey family. The true monkeys 
were not introduced until the mid-Tertiary. In Eura- 
sia and in America (which at that time was probably 



UigniaOf, Google 



PHOOPS PROM GEOGBAPHIOAL WSTBIBDTION. 207 

oonoeoted with Enrasia) wide migrations aud frequent 
conflicts of fannas prodnoed comparatiyely rapid eTola- 
tion of new satd higher forms, while iu isolated Africa 
old types continued ontil the inToeion. Madagascar was 
spared this inrasion, and therefore old types are still pre- 
served there. At present, at least three quarters of all 
lemurs are conSned to Madagascar, althongh a few spe- 
cies are still found in Africa and in the great East Indian 
islands. 

4. Island-Life. — Mr. Wallace has dirided islands into 
two kinds, continental and oceanic islands. The division 
is nndonbtedly a good one, although we may not always 
be able to refer an example with certainty to the one or 
the other class. Continental islands are those on the bor- 
ders of continents, and separated from the latter only by 
shallow water. Oceanic islands are those, usually very 
small, found in the midst of the ocean, with abyssal 
depth all abont. Continental islands may be regarded as 
appendages to the neighboring continent — as outliers of 
continents separated by submergence, and have, in fact, 
been thus formed. Oceanic islands have been formed 
geologically recently by volcanic action building up from 
the sea-bottom. Continental islands have a continental 
structure — i, e., they are composed of stratified as well 
as of igneous rocks. Their structure is a record of 
geological history, like that of the neighboring continent. 
Oceanic islands are composed wholly of volcanic rocks ; 
or, if there be any stratified rocks, these are only of the 
most recent date. As examples of continental islands we 
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have Nev Zealand as an appendage of Aastralia, the 
great East Indian (Borneo, Java, Sumatra, etc.) and the 
Japanese Islande, etc, as appendages of Asm ; the British 
Idands, appendages of Enrope ; the West Indian Islands, 
appendages of America ; Madagascar, an appendix of 
Africa, etc., etc. As examples of oceanic islands we 
hare the Azores and Bermndas in the Atlantic, and the 
Polynesian islands in mid-Pacific. 

a. Continental Islands. — Kow, the fauna of conti- 
nental idands, as might be expected from the mode of 
origin of these islands, is similar to, thongh not identical 
with, that of the neighboring continent; the amonut of 
difiFerence being in proportion to the length of time since 
they were separated and the width of the separation, 
Madagascar, tor example, has been long separated from 
its parent continent, and by a wide and deep channel. 
Its fanna, therefore, differs greatly from that of Africa, 
sJtboagh resembling it more than that of any other 
oonntry. The separation of JVew Zealand from Aos- 
tralia has been not qnite so long, and the divergence, 
therefore, is not so great. These two will be sufficient 
illustrative examples of long separation, and therefore 
of great differentiation of forms. 

On the other hand, the British Isles are an excellent 
example of comparatively recent separation. These isles 
have probably been several times united and separated 
from Enrope, bat we are here concerned only with the 
more recent. They are now separated from the oonti- 
neut and from one another only by shallow seas. Aa 
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elevation of less than six handred feet — geologically a 
Terv small change — would bare the bottoms of the Irish 
and English Channels and the North Sea, and connect 
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these ialands with one another and with the continent 
(Fig. 67). Now, it is well known that there were diir> 
ing the Olaoial epoch, and snbseqtiently, seTeral oscilla- 
tions of level safficient to connect and separate these 
islands. In the mid-Glacial epoch the British Islaade, 
by sabmergeoce, were nearly obliterated, being reduced 
to an archipelago of small islets representing the high 
moantaina of Wales and Scotland. The Pliocene fanna 
and flora were, therefore, largely exterminated. Dmiog 
the close of that epoch they were elevated above the 
present condition and broadly connected with the con- 
tinent (Fig. 67), and the newly-exposed land was taken 
possession of by European species, man among the num- 
ber. Still later — i. e., at the beginning of the present 
epoch — the islands by subsidence were again separated, 
but not widely, from the continent. This is the condi- 
tion now. What, then, was the result P 1. The fauna 
and flora of the British Isles are sabstantially the same, 
but less rich in species than that of Continental Enrope, 
some of the European species being wanting. This shows 
that the last connection was not a long one ; the coloni- 
zation had not been completed before re-isolation. Si. 
This poverty of species is more conspicuous in Ireland, 
beoanse colonization is progressive in space as well as in 
time. Some species had not reached so far when Ireland 
was re-isolated from England. The conspicuous absence 
of snakes, for example, is thus accounted for. There la, 
we all know, another theory to account for this, but we 
prefer the natural one. 3. The difference between Brib* 



UigniaOb, Google 



PROOFS FROM GEOGRAPHICAL DISTRIBUTION. 211 

isli and European fanna and flora is very small, it is 
truo, but there is some difference, varietal if not speciSo. 
The reason is, that the time dnce separation is too small 
to produce mnch divergence, and the width of the exist- 
JDg barriers not great enough to prevent colonization by 
accidental causes. 

The continental islands of the sonthem coast of 
Asia are good examples of an intermediate condition as 
to the length of time since separation, and of the 
conseqnent degree of differentiation of the faunas and 
floras. 

Coast-Islands of Calif omia. — We give one more exam- 
ple, and dwell npon it a little, because it oocurs on oar 
own coast 

The recent studies of Mr. E. L. Greene on the flora 
of the islands off the coast of Oalifomia hare brought to 
light some facts which are an admirable illustration of 
the principles laid down above. 

On looking at a good map of California, any one will 
observe eight or ten islands, some of them of consider- 
able size, strung along the coast from Point Conception 
southward, and separated from the mainland b; a sound 
twenty to thirty miles wide. They are in structure true 
continental islands— outliers of the mainland separated 
by a subsidence of a few hundred feet. Moreover, the 
date of their separation is known. They were certainly 
connected with the mainland during the later Pliocene 
and early Quaternary, for bones of the raammotb, char- 
acteristic of that time, have been found on one of 
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them.* They were therefore separated during the G]a> 
cial epoch. 

The main pecaliarities of the flora of these islands are 
the foDowiDg : 

1. Out of nearly three hondred species of plants gath- 
ered hy Mr. Greene, ahont fifty are wholly pecnliar to 
these islands. 3. Of the remaining two handled and fifty- 
species, nearly all are distinctively Californian. In other 
words, the distinctively Californian forms are very abnn- 
dant, while the common American forme are rare — i. e., 
the island flora is distinctively Californian, with many 
pecnliar apeciea added. 

I explain these facts as follows : The whole coasU 
region of California is geologically very recent, having 
emerged from the sea as late as the beginning of the Pli- 
ocene epoch. As soon as emerged it was of course colo- 
nized from adjacent parts. Since that time its pecnliar 
flora has been formed by gradual modification. The en- 
vironment has been enfQciently pecnliar, the isolation 
sufficiently complete, and the time sufficiently long, to 
make a very distinct group of organisms. It is one of 
Mr. Wallace's primary divisions of the Ne-arctic region. 

During late Pliocene and early Quaternary times, as 
already said, the islands were still a part of the mainland, 
and the whole was occupied by the same species, viz., 
the distinctively Californian species newfound in both, 
together, as I suppose, with the peculiar island species. 
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DnriDg tbe oscillatioDa of the glacial times the islaiidA 
were separated by subsidence of tbe continental margin. 
SimnltaneoDBl; with this subsidence, or sabaeqnentlj 
thereto, came the InTasioD of northern species, driven 
southward by glacial cold. Then came the mingling of 
invaders with natiTea, the struggle for mastery, the ex- 
termination of many forms — viz., the peculiar island spa- 
des — and the elight modification of others, and the final 
result is the California flora of to-day. But the island 
flora was spared this invasion by isolation. Therefore 
the invading species are mostly waiting, the distinctive 
island species were saved, and the result is the island flora 
of to-day. The island flora, therefore, somewhat nearly 
represents the Pliocene indigenes of both. 

It will be observed that this case is somewhat like 
that of Madagascar, but with a characteristic difference. 
In the case of Madagascar, the separation has been long. 
The extreme peculiarity of its fauna is the result partly 
of progressive divergence and partly of many forms saved 
by isolation. In the case of the coast-islands of CaIifor> 
nia, tbe time has not been long enough for any great 
divergence by modiflcation. The peculiarity of its spe- 
cies ia due almost wholly to species saved by isolation.* 

b. Oceanic Islands. — We have seen that faunas and 
floras of continental islands are somewhat similar to those 
of the neighboring continent, though with varying degrees 

" For faller diBcuflaion of this subject, see "Balletin of the Califor. 
nla Acikdem; of Science," No. 8, 1887, and "Ameriuan Journal of 8«i- 
ence," for Dec, 1887. 
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of difference— the amount of diSerenoe, or divergeQCO bj 
evolntioD, being in proportion to the amount of time and 
the impasBablenesa of the separating barriers. Bnt ocean- 
ic islands have nerer been connected with any continent. 
The; are nev laud formed in the midst of the ocean by 
Tolcanic action. When tbey first appeared they were, of 
coarse, without inhabitants of any kind, animal or vege- 
tal. How were they peopled ? We answer by waifs 
from here and there — by castawayx from other lands. 
The dominance of particular kinds will depend on the 
direction of winds and currents, bringing from some 
lands more than others, and upon the kinds of animals 
or seeds of plants most liable to be snccesafnlly carried 
across wide seas. Their faunas and floras, therefore, are 
characterized by a mixture of species resembling, though 
not usually identical with, those of Tarions laud^, with a 
predominance of those of some one laud, and by the 
BiDgnlar and complete absence of mammals and amphib- 
ians, these being uniiltely to be transported by fioating 
timber, sa are small reptiles and insectfl, etc. Among 
mammals, however, there ia a significant exception in 
favor of bats, the reason being both their power of flight 
and their habit of concealment in hollow trees, etc. To 
this explanation, however, we must add that divergence 
by isolation will meanwhile go on in proportion to time. 
The Azores, for example, have been peopled from En- 
rope, Africa, and America, bnt' mostly from Europe, on 
account of the prevailing winds and currents being favor- 
able to colonization from that direction. There are 
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many cnrioos peDUliarities in the apeciea, howerer, be- 
C3nse coloDizatioD is very slow, and divergent variation 
has been going on pari paasu. The Bermndas, on the 
other hand, have been colonized mainly from America, 
because of the current of the Qalf Stream. 

These few examples are sofficient for oar pnrpose, 
which is only to illnatrate the canses of geographical dis- 
tribntion. If any one desires to pnrsne this interesting 
Bnbject, we would refer him to that most fascinating 
book, Mr.. Wallace's "Island-Life." 

5. Alpine Species. — These afford an admirable illas- 
tration of the fact that in isolated faunas and floras the 
amount of difference is proportioned not only to the 
completeness of isolation, but also and mainly to the 
time of isoiation. 

It is well Icuown that Alpine species — i. e., those spe- 
cies inhabiting the region bordering the perpetual suow 
of lofty mountains — are very similar to one another, even 
in the most distant localities, where their isolation from 
one another is as complete as possible ; ae, for example, in 
the high Alps of Europe, the high mountains of Colo- 
rado and California. W&y is this F Wo find the key to 
this mystery in the additional fact that they are similar 
also to Arctic species. A somewhat full explanation is 
here necessary. 

During Miocene times, magnolias and tazodiums (bald 
cypress), like those in forests and swamps of Carolina 
and Louisiana, and sequoias and libocedrus like those 
DOW in California, and many other temperate - region 
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forms of plants, grev abandantly in Qreeoland, and north- 
ward certainly to 75" north latitnde. At that time there 
coald not hare been any perpetual polar ice, and there- 
fore no Arctic epeoies, anless on high mountaiTU in polar 
regions. In Pliocene times perpetual poUr ice, and there- 
fore Arctic species, probably commenced to appear. As 
the cold of the Glacial epoch came on and increased in 
seTerit;, the polar ice extended eonthward aa a general 
ice-sheet, until it reached in America 10° and in Europe 
about 50° north latitnde. In the United States its mar- 
gin can be traced as a distinct moraine through Long 
iBland, middle Kev Jercey, middle PennByWania ; thence, 
less distinctly, following the Ohio EJTer, crossing the Mis- 
sissippi ; thence following the Missouri, on its south Bide, 
into Montana. By the increasing cold, Arctic species 
were driven slowly southward, generation after genera- 
tion, until they occupied the whole of the United States 
to the Gulf, and the whole of Europe to the Mediterra- 
nean. As these species on the two continents came from 
a common home in polar regions, they were similar to 
one another, except in so far as some slight divergent 
modification may have been produced durtog their south- 
ward travel. When the glacial rigor declined, and the 
ice-sheet gradually retreated to its present position, Arc- 
tic species, following the snow-edge, went also north- 
ward, on both continente, to their present home in polar 
regions. But there was an alternative way of migration 
left open which was embraced by certain plants and in- 
sects. While on both continents most individnals went 
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northward, aome of them vrent tipward, following the snow- 
edge into high mountaina, and were left stranded there. 
Thns it has come to pass that the plants and insects of high 
mountains in temperate regions of different continents, 
though so widely separated and impassably isolated, are 
extremely similar to one another. Bnt, thongh similar, 
they are rarely identical. The time has heen long cnongh 
lor some bat not rerj great divergent modification. It 
is impossible to ooneeiTe a more beautiful illustration ol 
the principles we hare been trying to enforce. 

ThoB, then, undonbtedly all the phenomena of geo- 
graphical distribution of species are most rationally 
explained on the principle of slow evolution -changes, 
different in different places, and increasing with the time 
of isolation and its completeness. 

Objeotlon. — The only objection which can be raised 
against this view is the manner in which contignoua geo- 
graphical faunas and floras pass into one another when 
they are limited not by barriers but by temperature. In 
passing from eqnator to poles, over continnous land, 
wo of course pass through many successive fannas and 
floras, limited wholly or mainly by temperature. Now, if 
species are indeed indefinitely modifiable, then on the bor- 
ders of contiguous faunas or floras, where one species dis- 
appears and another closely allied bnt adapted to a colder 
temperature takes its place, the one species (say the anti- 
evolntionists) ought to be gradually transmuted into the 
other, 60 that all the gradations may be traced. But this 
IB 
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is certainly not usually the fact. On tha contrary, a 
species may indeed pass out gradually, and anotber come 
in gradnally, bo far as number and vigor of indivtduaU 
ar* concerned ; bnt, in specific character, they may 
be aaid, osaally at least, to come in suddenly, with all 
their characters perfect, remain onohanged throughout 
their whole range, and pass ont suddenly at its borders. 
Another species takes its place, overlapping in range and 
coexisting on the borders of both ; thia also continues 
nnchanged, as far as it goes, and so on. The change 
from one fauna to another is apparently not by transmu- 
tation of one species into another by gradations, bat by 
substitution of one perfect species for another perfect 
species. As a broad general statement, the condition of 
things is precisely such as would be the case if specific 
types were substantially immutable by physical con- 
ditions, bnt were originated in some insomtable way 
(created) in the regions where we now find them, and 
have spread in every direction as far as physical condi- 
tions and struggle with other species would allow them— 
their ranges therefore interpenetrating and overlapping 
one another on their borders. 

Two characteristic examples will make onr meaning 
clear. There is not a more characteristic tree known 
than the sweet-gum, or liquidambar. This tree gro^ra 
from the borders of Florida to the shores of the Great 
Lakes. It may indeed be most numerous and vigorous 
somewhere in the middle region, and may die out grad- 
ually in number and vigor of individuals on the borders. 
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of its range, but in Bpecific character it is sttbstantially 
the same throughout, easily recognizable by ita dense 
wood, its winged bark, its $ve-starred leaf, its epinons 
barr, and its fragrant gum. Physical conditions may 
diminish its nnmber and vigor, and limit iU estension, 
but seem powerless to essentially modify its specific char- 
acter. It seems to give up its life rather than change 
its nature. 

Another striking example : The seqnoiaa (redwood 
and big-tree) are entirely confined to California, and 
there are only two species now existing, viz., the redwood 
(;S^. tempervirens) of the Coast Banges, and the big-tree 
{S. gyantea) of the Sierra Nevada. Doubtless they are 
most nnmerons and vigorons somewhere in the middle 
of their range, and die ont gradually in number and 
vigor on the borders north and soath, being replaced 
there by other genera better adapted to the physical 
conditions ; but in specific character they remain esseu- 
tiallv nnchanged throughout. They are everywhere 
the same — easily recognizable by wood, bark, leaf, and 
burr. Both iu this case, and in the previous one of 
the sweet-gum, it ia aa if they were created perfect in 
their present localities, and have spread in all directions 
as far as physical conditions and the struggle with other 
competing species would allow ; but physical conditions 
seem powerless to change them into any other species 
by adaptive modification. 

Answer, — We have, we believe, stated the objection 
fairly. The answer is, that the elements of time and 
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of migrations have not been taken into the acconnt. In 
fact, this objection vas conceired and formnlated before 
the idea of geological time was fully oesimilated by the 
hnman mind, and onr theories of origin adjusted to it 
If these species did indeed originate where we now find 
them, and in the present geological epoch, the argament 
might at least be entertained ; bnt this ia not the fact. 
We know something of the geological history of all 
these species, and the history of the migrations of some 
of them. We know that sweet-gums were abundant 
and of many species in the United States in Tertiary 
times, and all have become extinct except this remnant. 
WhateTer of modifications there were mast be looked 
for at or abont the time of its origin in Tertiary times, 
not now. Species, like individnals, are plastic only 
when yonng. This one has already become rigid, and 
all the more so as it is a remnant widely separated from 
other species. For competition is strongest and most 
efleotive with nearest allies. Present species are mostly 
isolated remnants — terminal twiglets of the tree of life. 
Twiglets are of course widely separated at their Tisibls 
ends. Their points of union with other twiglets most 
be songht below. 

In the case of the sequoias, we know something also 
of the history of their migrations. In Miocene times 
they were abnndant, and of many species in cironmpolar 
regions. Some twenty-four species of fossil sequoias 
are known, fourteen of which are Tertiary. By the 
cold of the Gliicial epoch they were driven slowly south- 
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ward, both in America and in Europe — in America as 
far as Southern California. After the Glacial epoch, and 
tbe return of temperate conditions, they doubtless at- 
tempted to go northward again ; but these great changes 
were too much for them ; they were wholly exterminated 
in Europe, and nearly so in America. A few were left 
stranded high np on the slopes of the Sierra Nevada, 
and on tbe cool, moist slopes of the Coast Ranges. The 
Epecies now in Oalifomia are not identical with those 
found in the Miocene strata of Greenland ; but the 
difference is only what we might expect after such ex- 
tensive migrations and such long and severe eiruggio 
for life. Further, it is noteworthy that the Miocene 
species fall into two groups, viz., the yew-like leaved 
and the cypress-like leaved. These are represented to- 
day in California, the one by tho redwood, the other 
by the big-tree. They are evidently direct descendants 
of the Miocene species, though somewhat modified. 

But it will be objected that there ought to be some 
cases of transitional forms showing transmntation — in 
fact, there ought to be some cases of species now form- 
ing under our eyes. There are, we believe, examples 
of such cases. But intermediate forms are not likely 
to be maintained long, especially if migrations occur 
to give rise to severe oondict of forms. In that case 
the intermediate forms are soon eliminated, and species 
become distinct. This important point will bo dis- 
cussed more fully in the next chapter. 
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PBOOFB FROM VASIATIOK OP OROANIC yOBMB, AEXI- 
FICIAL AND NATUBAL. 

As already stated, page 40, the nse of the method 
of experiment ia the field of biology is, unfortunately, 
very limited. Iferertheleas, it is already beginning to 
be used more and more in the department of phyai- 
ology, and may be nsed also, to a limited extent, in 
the department of morphology. It ia trne that direct 
sdenlffic experiments, for the expreaa pnrpoee of pro- 
dncing permanent modifications of form, and thus tesi^ 
ing the theory of evolution, are of comparatively little 
Talne as yet, becauae the all-important element of time 
ia wanting. The steps of evolution are so slow, and 
the time necessary to produce any sensible effect ia nsu- 
ally so great, that, in comparison, man's individual 
lifetime is almost a vanishing quantity. But, from 
time immemorial, experiments have been unconsciously 
made by man on domestic animals and food-plants, 
■which bear directly on this subject All domestic ani- 
mals and food'planta, and many ornamental flowering 
plants, have been subjected for agea to a process of 
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artificial eelection acting upon natural rariation of ofE- 
spring. As wild speciea are modified, we believe, in-, 
definitdl; by divergent variation and natural selection, 
Eo domestic species are modifiable certainly largely, 
perhaps indefinitely, by divergent variation and artifi- 
cial selectioii by man. We all know the extraordinary 
modifications which have thns been gradually brought 
abont in domestic animals, such as dogs, honies, sheep, 
pigeons, etc.; in food-planta, aa cereal grains, garden- 
vegetables, etc, and in ornamental plants, as roses, 
dahlias, pinks, etc. We can only give very briefly the 
principles ot the process by which these extreme modi- 
fications are prodnced, referring the reader to works 
specially devoted to this subject for more complete ac- 
counts. 

Let it be home in mind, then (a), that inheritance 
is not only from the immediate parents, but from the 
whole line of ancestry. The iuheritance from the im- 
mediate parents is, doubtlosa, usually greater than from 
any other one term of the ancestral series — the eftbct 
on the offspring of any previous generation becomes, 
doubtless, less and less aa the distance from the off- 
spring increases — yet the sum of the ancestral inherit- 
ance is far greater than the immediate parental. Let 
it also be boiiie in mind (b) that true lA^eding from 
one form for many generations creates a fnnd of he- 
redity in that form, and thns tends to produce fixity, 
rigidity, or permanence in that form. 

Now, the method of producing artificial breeds, some- 
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times consoiooaly, eometimea nnconsoionslj, is, briefly, 
u followB : Snppose it be desired to obtaio a T&riety 
of an animal, eay a dog, baring a certain character. 
We start from a common type, a (Fig. 68). If tbia type 




vere i^Ioved to breed naturally, tbe slight diTergent 
TariatioQ of oSspriDg represented by the radiating lines 
-woold neutralize one another by interbreeding, the Jndi- 
Tidnal differences would be "pooled" in a common 
stock, and the species vonld remain substantially con- 
stant But if among all these slightly divergent Tari- 
etifls we select one, i, which seems in the right direc- 
tion, and rathlestily destroy all the others (indicated by 
crossing them out by the circular line), and breed this 
variety, b, only, we shall get again a number of di- 
vergent varieties. It may be that the larger number 
of these will be backward, in the direction of the orig- 
inal type a, on account of the ancestral heredity in 
that direction, but some will again be in tbe desired 
direction. Let all the varieties other than the desired 
one, but especially the backward-going or reverting 
ones, be again destroyed, and the one kind only selected 
vbioh seems to be in the right direction, viz., c. As 



UigniaOb, Google 



PBOOFS FROM VARIATION OF ORGAHIO F0KM8. 225 

we push the form thna from generation to generation 
in the desired direction, especially if ve attempt to 
hasten too much the process, the resistance to move- 
ment — if I may use the expression — in that directioa 
becomes greater and greater (showti by the decreaalDg 
distances between the saccessive points of divei^noe, 
a, b, c, d, etc.), and the tendency to reversion becomes 
stronger (ahovn by the greater namber and length of 
the backward -going lines), antil finally it ia almost 
impossible to push any farther. We vill snppose that 
X ia snch a limit. Bnt if, now, we breed true on the 
point X, destroying the reveraions or backward varia- 
tions for many generations, we will gradually accumu- 
late a fand of ancestral heredity on this point which 
increases with every added generation, until finally the 
tendency to reversion becomes small. The variety 
hresds true without further interference, or with only 
very general superintendence. Such a permanent va- 
riety is called a race. After a race is firmly established 
for a sufficient length, of time, and the tendency to 
reversion is lost, it may itself become a new point of 
departure for the formation of new varieties or races, 
in the same or other directions. Thus, during even the 
brief history of man, have been formed races of the 
diSercnt domestic animals, and useful and ornamental 
plants, differing so greatly from each other that, if fonnd 
in the wild state, they would unhesitatingly he called 
different species, or even in some cases different genera. 
Now, if art can vary form so greatly, and in so 
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Bhort time, why ma;^ not Nutore in limitleas time f If 
art by artificial aelection, irhy not Nature by natnnl 
seleotion ? Katnre is as rigid in eeleotion and as rath- 
less in destrnction : why may ire not expect similar or 
even much greater resnlts ? The process is similar in 
the two cases — L e., selection among varieties in oS- 
spring, only tfaat the selection is natural instead of 
artificial, and the process is so slow that there is little 
tendency to rcTersion in the latter case. Sui^K»e, 
then, we have a gradnally changing physical environ- 
ment, or climate. Among the divergent varieties of 
any species in each generation, those would be pre- 
served which are most in accordance with the new 
climate, and the others would perish. This is natural 
eelectioQ, or enrvival of the fittest. Add to this the 
eSect of the change in the organic environment. All 
species are modified by the changing physical environ- 
ment ; but these modified species agun all affect one 
another in the competitive struggle for life, and the 
strongest or swiftest, or most canning, survive (natu- 
ral selection). Add to this, again, the struggle among 
the males for possession of the females — for reproductive 
cpportanities — by which only the strongest and moat 
conrageons, or the most beaatifnl and attractive, leave 
progeny which, inherit their pectiliarities (semal selec- 
tion). Add to these, finally, migrations, voluntary 
among higher and involaotary dispersals among lower 
animals and plants, and the consequent mingling of 
faunas and fioras — the migrations subjecting them to 
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great change of environment, both physical and or- 
ganic, and the mingling prodncing fiercer straggle for 
life — and we have in powerful operation many causes 
of modification. Add, I say, all the^ oauBCB of modi* 
fication together, and then make the process slow sad 
continnoiis throngh onlimited time, and where is the 
limit to the degree of change? Commencing in any 
species, from any point of departure, there are formed 
first slight modifications which would be called vari- 
eties ; then these modifications, continuing in the same 
direction, form races ; these races by wider separation 
become species, and species in their turn become gen- 
era, etc. Comparing, again, to a growing tree, vari- 
eties are swelling buds ; when they grow into twigs, 
they are species ; when they branch again into different 
species, the branching stem becomes a genua, etc. 

We have thus far spoken only of the various forms 
of one factor, viz., the Darwinian factor of selection, 
whether natnral or artificial. We have dwelt upon this 
one, because the natural and the artificial processes are 
so similar, and the artificlril is so controllable. But there 
are other foctora iu operation, in art as well as in na- 
ture. We have already "spoken (p. 73) of other factors 
of natural change. We have shown how changing 
physical environment affects function, and function 
aSects form and structure, and how these slight 
changes are integrated by heredity through many gen- 
erations. We have also shown how u/ie or disuse in- 
areasee or diminishes the size and change the form of 
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parts, and these chatiges, also, however &light, are in* 
t«grated by heredity. 

Kow, these factors are operatire also io domestioation 
of animalB and cuitiTatioQ of plants. No eaTironment 
is BO new and pecaliar as domesticatioii and cultivation. 
The soil and temperature in plaute, food and housing of 
domesticated animals, tend to change foim and structure 
of the D&pring, althoagh in a way which it is difScolt 
intelligently to control, and thus are prolific of varieties 
from which to select. In fact, they often give rise to 
great and nnexpected modifications, called sports, which 
form points of departure for new varieties and races. 
Kow, in nature, not only are all these causes and factors 
of change in constant operation, but they act together in 
a i)eculiarly complex way. All the members of a fauna 
and Sora, and the physical environment of any locality, 
constitute together a most complex and delicately ad- 
justed system of correlated parts. A change in one part 
is propagated through the whole system ; also, a change 
in one factor affects all other factors. When we add to 
this the large amount of time, in comparison with indi- 
vidual human life and observation, necessary to produce 
visible change of form, we can easily understand why the 
process is still imperfectly understood, although the fact 
is certain. 

But it will be asked, Are there, then, no differences 
between the artificially made extreme varieties equiva- 
lent, BO far as difference of form is concerned, to Bpecies, 
and real natural species F There are. If there were not, 
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there would never have been any donbt about the deriva- 
tive origin of natural species. Bat if it be aaked, Are 
not these diftereneea fundamental, and therefore fatal to 
the argument for evolution derived from this source ? 
we answer, we think noL We will deal frankly and 
fttirly with these differences. 

First Differenoe, Reversion. — The strong tendency 
of artificial varieties to reversion, even during the process 
of formation, and especially their complete reversion to 
the original type if the hand of man be withdrawn — i. e., 
if left to themselves, or become wild — is supposed to show 
an essential difference between such varieties, however 
extreme, and true species — is supposed, in fact, to prove 
an indestructible permanency of specific types. Katare 
disowns these artificial forms, and as it were brands them 
with bastardy. Not only so, she strives ever to destroy 
them. The supporting hand of man is necessary to 
sustain them. Left to themselves and to Nature, they 
quickly revert to the original type. If all the extreme 
varieties of dogs, from the greyhound and Newfoundland, 
on the one baud, to the terrier and lap-dog on the other, 
were turned loose on an isolated island, uninhabited by 
man bat full of other animals, and left there to shift for 
themselves — and the island were visited again after a 
lapse of a hundred or a thousand years — it is probable 
that a uniform species, something like to, though per- 
haps not identical with, the wolf, would be found. They 
would have reverted to the original or nearly the origi- 
nal wild type from which they were produced by domes- 
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tJcabioD, All or nearly all that was dono by man would 
hare been undone by Xatnre. This reTersion is one test 
of species. 

Bat the reason of this tendency to reversion is ob- 
Tiona : First, the time was too short, the rate of change 
-was too rapid, in the artificial formation of these Tarieties. 
There was not time enough to acoamulate a fund of he- 
redity on each snccessive stage of the change. Therefore 
the form is unstable and the tendency to revert is strong. 
Compare the fleeting days and the hurrying impatienoe 
of man with the inflnite time and the divine patience of 
INatnre I But mere instability is not the principal cause 
of reversion. Secondly, in the case of artificial forms in 
a wild state, natvraJ selection compels reversion. Every 
species in a wild state must of course be in harmony with 
the environment. But artificially made forms are in 
harmony with the artificial environment of domestica- 
tion, but not with the environment of nature. In nature 
the fittest survive, but artificial breeds are not fit to sur- 
vive in a state of nature. They are therefore quickly 
destroyed in the stmggle for life, or must be modified. 
Nature immediately begins to select the fittest, and 
gradually in the course of time produces one or more 
noiform species, similar to that from which they came, 
or perhaps to what they would have been by this time if 
left to the operation of natural causes under the condi- 
tions supposed. But natural species, if they are formed, 
as the derivatioQists suppose, by the operation of natural 
causes, can not revert unless the conditiouB revert ; for 
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the same causes whtcli operated to produce, still con- 
tiaae to operate to keep, the species. Take aa example : 
The form, the habits, and the instiaots of the pointer 
have been made by a slow process of artificial selec- 
tion of divergent varieties of offspring, and by training of 
mdividnala continued and its effects accnmulated through 
many generations. But this form and these habits and 
instincts, so laboriously produced, would be quickly de- 
stroyed by Katnre. The pointer, left to himself, must 
either change or become extinct, because not adapted 
to the wild state. Such instincts and habits would 
not only be of no use, but would be incompatible with 
success in the struggle for life.. But suppose for a mo- 
ment that these habits and instincts were useful to 
the animal in a wild state ; evidently they would be in- 
stantly seized upon by natural selection, and not only 
perpetuated but intensified until a very distinct species 
would be produced. The same is true of all other races 
of dogs. If the Newfoundland, the greyhound, and the 
pug were all turned loose in a forest, and if each of these 
kinds were admirably adapted to some place in the econ- 
omy of Nature— for some special mode of food-getting 
without corresponding disabilities in other directions (as 
mnst be the case if made by Datnral selection) — there can 
be no doubt they would each survive, and their charac- 
ters intensified ; intermediate forms would disappear (for 
reasons which we shall see presently), and we would soon 
have three distinct species, or perhaps we would even 
call them distinct genera. 
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Seoraid Difference, Intermediate Forms.— Natural gpe* 
cies are distinct — marked out with hard and fast lines— 
Thile artificial! J- made races, even thongb in their typical 
forms they diSer as much or more than natural species, 
shade into one another by insensible gradations. In an- 
swer and explanation of this difference we remark : If 
species or modified forms of any kind, whether natural 
or artificial, are made by oataral oanses, and not at once 
out of hand by snpemataral creation, then of oonrse 
there must have been gradations in the process of mak- 
ing. Now, in the artificial case, the whole process as 
well as the result lies within the limits of obserTation, 
while in the natural case only the f nal result. But it 
will be asked. Why are the gradations not seen also in 
the final result ? We answer, because the intermediate 
forms are eliminated in the struggle for life, and not re- 
prodnced by cross-breeding. If artificial races always 
bred tme — i. e., without crossing, as natural species do — 
they would probably soon be as sharply demarked. Cross- 
breediag is the great cause of the shadings between do- 
mestic races. This brings me to the third and most im- 
portant difference. 

Third Differenee, Cross-Fertility. — Artificially-made 
races breed freely and without repugnance with one an- 
other, aud the offspring of such cross-breeding is in- 
definitely fertile. Natural species will not usually unite 
with one another, being prevented by sexual repugnance 
and other causes. Or, if they do sexually unite, thei« 
is either no offspring, or else the offspring is aterilc^ 
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and tlierefore the intermediate form dies out in the 
first generation ; or else the oSspring is imperfeotiy 
fertile, and therefore the intermediate form is elimi- 
nated in a fcw generations, and the species remain 
distinct ; or else the offspring is more fertile vith the 
parent stocks, and therefore revert to the parent stocks, 
and still the species remain distinct. Such infertile, or 
imperfectly fertile, ofispring — the resnlt of crossiDg of 
species — are called hybrids. 

This is regarded as a most important test of trae 
species, as contrasted with varieties or races. There 
are two bases on which species may be fonnded. Spe- 
cies may be based on form, morphological species ; or 
they may be based on reproductive functions, physio- 
logical species. By the one method a certain amortnt 
of difference of form, stmctnre, and habit, constitutet 
epecieaj according to the other, if the two kinds breed 
freely with each other and the offspring is indefinitely 
fertile, the kinds are called varieties, brit if they do 
not they are called species. The two tests, however, 
do not always accord. Every now and then we find 
nndonbted morphological species which may be crossed 
and prodace indefinitely fertile offspring. Yet it is 
certainly tnte that species are OBnally oross-sterile, while 
varieties, whether natural or artificial, are cross-fertile. 

In explanation of this important difference, let it 
be observed that there are here two things which mnst 
be kept distinet in the miad, although they are, doubt- 
less, closely allied — viz., eexnal repugnance (psyohologi- 
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cal element) and cro8S-9terility (phydologjcal element). 
The former is tonnd, of cooree, only in the higher 
animals, where fertilization ie voluntart/. The latter is 
nniyersal among all living things. This latter, there- 
fore, is the more fandamental and easential element, 
and the former may be regarded as its psychical sign 
in the higher animals. It is of this latter, therefore — 
L e., cross-sterility — that we shall speak mainly. 

Sappose, then, we hare growing together in the same 
locality many species of pines or oaks, or other ane- 
mophiloos trees. The whole air is filled with the pollen 
of many species, and eyery genn-oell must receive many 
kinds of male cells, and yet there are no hybrids, bat, 
on the contrary, the species remain distinct. So also 
in case of hermaphrodite animals, where the fertilization 
ia involuntary ; many aquatic species are found together 
in the same locality, and the water is filled with sperm- 
cells of many diEFerent speoiea. Many kinds of sperm- 
cells must fall on each germ-cell, and yet there ate no 
hybrids ; the species remain distinct. In all such cases 
we must suppose that there is, among the diSerent kinds 
of male cells, a struggle for the possession of the germ 
or female cell, or a sort of sexaal selection by the female 
, cell among the competing male cells, and the fittest — 
' the most in accord; i. e., those of the same species 
— prevail. This is universal But in the higher ani- 
mals, in addition to the prepotency of male celJe of the 
same species, and comparative infertility iu esse of anion 
of those of different species, aczaal attraetion and sexual 
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repngnance conb-ibate to the aanie result, and species 
are thus doubly separated. Thus sexual selection is of 
two kinds : selection of indiridoals for nnion (psychical), 
and selection of sperm-cellfl for feitilizatioD (physiologi- 
cal). The one kind is usually the sign of the other — 
attraction the sign of fertility, and repagnance of sterility. 
Bat in the domestic state it is all otherwise. Free 
oompetitioD between individuals or between cells is not 
allowed. Thus, for example, among plants, orossinga 
may be forced and hybrids made in gardens which wonld 
never occnr in Katore. The florist prevents fertilization 
in the same kind and compels fertilization of a different 
kind. If male cells of the same kind were allowed to 
compete, the result would be different. Doubtless the. 
same method would succeed in many lower animals. 
So also in higher animals free competition and sexnal 
selection for union are often not allowed, and therefore 
animals of different species, such as the horse and the 
ass, unite, which wonld not do so if they were free to 
select as in the wild state. These two are widely dis- 
tinct species, sometimes even called genera, and there- 
fore the offspring is infertile; bat two closely allied 
species, such as two species of wolf, or of the fox, in a 
domestic state wonld probably not only unite but pro- 
duce indefinitely fertile offspring. In fact, it is almost 
certain that the dog was made by a mixture of several 
species of wolf, most, perhaps all, of them now extinct.* 

• " Origin of Bacea of the Bog," " Annala imil Hogonne of Natuial 
Hlatorj," voL i-rSi, p. 20j, 1886. 
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On the other band, it ia not at all certain that the 
extreme varieties of dogs have not passed the limit of 
greatest attraction, and therefore of greatest oross-fer- 
tility, and that, if allowed free choice, as in Natnre, 
they ffoald not breed tm^ or t^id to breed tme, with 
their own kind, and intermediate kinds die oat in the 
struggle for life. 

Law of Cross-breeding.— Before going any farther in 
this discnssion, it ia necessary to bring out another 
point of extreme importance in the formation of vari- 
eties, both natural and artificial — a point which I be- 
lieve throws light npon the very significance of sex 
itself — I refer to the effect of cross-breeding. 

It is a cnrions and most signifioant fact that dif- 
ferent varieties, both natural and artificial, are, up to 
a certain limit, not only cross-fertile and cross-attract- 
ive, bat even more so than individuals of the same 
variety. Long experience has shown that very close 
breeding of the same variety for a long time fixes the 
and but weakens the stock, especially in fertility, while 
jndicioqs crossing of varieties strengthens the stock, 
increasing its fertility, and especially producing plas- 
tieity or variability. Therefore breeders, if they wish 
to preserve a valuable variety, breed close ; bat, if they 
wish to make new varieties, cross-breed. Bnt we have 
already seen that species are usually cross-sterile. There- 
fore there must be some regular laiv of increase to a 
maximiini, and again decrease to zero. It is this law 
that I now wish to investigate. 
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In the lowest animala and plants maltiplication of 
indiTidaale and the ooutiDnance of the kind are iude- 
pendent of sex, and therefore in sach there may be no 
sex at all. The Bexual elemeuta are not yet differen- 
tiated. Ad individaal divides itself Into two; each 
grows to the origin^ size and again divides into two, 
and 80 on, it may be indefinitely. In this lowest fonn 
of reprodnction the individual is sacrificed to the kind, 
or else we may regard the kind as an extension of the 
individnal, and reproduction as a modification of growth. 
But there are other seilesa modes of reproduction, found 
in nearly all plants and many lower animals, in which 
the individuality is not sacrificed. The next step in 
the ascending scale is reprodnction hy budding. In 
this case a bnd is formed which grows into a perfect 
individaal, and may remain attached to the parent 
stalk, forming together a compound individual, as in 
most plants and many lower animals, such as the coral ; 
or it may separate and assume independent life, as in 
some plants and many lower animals. In still other 
animals, as in many hydrozoa, the badding function is 
relegated to a special part, which thus becomes a re- 
productive organ. The next step is the placing of the 
budding organ, for greater safety, in an interior cavity. 
This is the case with aphids. Now, why would not 
this be an excellent mode of reproduction for all ani- 
mals, man included ? Why was sex introduced at all P 
There are very sufficient reasons, of many kinds, which 
may come up later; but the fnndamental reason, ia 
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coDDection with evolation, ia the fundihg of individutd 
differences in a common offering, thereby giving to the 
offspring a tendeiuy to divergent variation. 

Now, non-sexual reprodaotJon is absolute true breed- 
ing. The law of like producing like ia absolute. He- 
redity is all-powerful, and tendency to Tariation ia nil. 
These modes of reproduction are in fact bat a modifica- 
tion of growth and an ezteosioa of the individual. Eto- 
lutioD-cbanges in animals' produced in this way only 
must be very slow, since the most powerful factor of 
evolution, viz., natural selection among divergent varie- 
ties of offspring, wonld be wanting. In the earliest times, 
therefore, before sex was yet declared, we may imagine 
that physical environment was the great and only factor 
of change. Sexnal reproduction introduces the new ele- 
ment of variation of offspring from which Nature makes 
her selections ; and this element of variation is appar- 
ently the result of the anion of diverse individuals, and 
the funding of these differences in a common offspring, 
and thus a double inheritance of individual character- 
istics from the parents and a mulfdple inheritance of the 
same from the ancestry. See, then, with this end in view, 
the pains Nature has taken to make the difference be- 
tween the uniting individuala and the diversity of inher- 
itance by the offspring as great as possible, and yet the 
gradual way in which she baa accomplished it. As al- 
ready said, the lowest form of reproduction is that by 
fission. Next comes budding in any part indifferently. 
Next comes the relegation of the budding function to a 
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particakr part. This is the Qrst appearance of a repro- 
dactive organ. \ext comeB the placing of this organ, 
for greater safety, within. Thna far all is non-sexnal 
reproduction — all a modiGcation of growth — an extension 
of the individual, like the propagation of plants by cut- 
tings and by bnds. Then comes sexual reproduction in 
its lowest forms. 

It may be well to atop here, to show the entire diSer- 
enoe between this and non-Bexnal modes. The latter, we 
have seen, is only a modification of growth, an extension 
of the individaaL Now, sexoal reproduction is the op- 
posite of all this. Qrowth is a constant mnltiplicatioQ 
of cells. One cell is ever becoming two similar cells — or, 
if we call them indiriduals, one indiyidual is ever becom- 
ing two simiiar individuals. Bat in sexual reproduction 
we have an exactly reverse process, Beduced to its sim- 
plest terms, sexual reproduction is the fusion of two di- 
verse cells, sperm-cell and the germ-cell, to form orie cell, 
the ovuIb — literally, a diverse twain forming one flesh. 
In its higher forms it is the union of diverse individuals 
to bring about the same result. Instead of one cell be- 
coming two, it is two cells becoming one ; instead of one 
individual becoming two in the offspring, it is two indi- 
viduals becoming one in the offspring. But this great 
change was not brought about at once, but only in the 
most gradual manner. First, the sexual elements — sperm- 
cell and germ-cell — are separated, but tn the same organ. 
Then the organs — sjiermary and ovary — are separated, 
bat in the same individual. This ie the condition of self< 
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fertilizing hermaphroditism so common among plants 
and lower animals. Then comes croaS'fertiliziiig her- 
maphroditism ; and iN'ature takes mooh pains and uses 
nianj ingenious devices to prevent Beif-Iertilizstion and 
insure cross-fertilization. Now, for the flrst time, we 
have slight individual differences funded in a common 
oflspring. Then, in order to absolutely forbid self-fertih- 
zation, and at the same time allow greater differences in 
the crossing individnalB than conld be attained in her- 
maphroditic individuals, the sex organs are separated in 
different individuals, and fertilization can only take 
place by voluntary union. Then, to insure the union of 
suitable individuals, and forbid the ban between nnsnit- 
able, there are introduced sexual attraction and repulsion. 
Then, last of all, the difference between the two ses- 
individnals beoomes greater and greater as we go up. It 
ie oonspicnons only in vertebrates and some insects, and 
very conspicnons only in birds and mammals. 

We see, then, as we go up the tasonomio, and undoubt- 
edly also the phylogenic series, that there is a cross- 
breeding of more and more diverse individuals, a funding 
of more and more divergent characteristica in a common 
offspring. Why is this P I answer, for the sake of het' 
ter results in the offspring. This is abundantly shown 
by direct experiment. In hermaphroditic plants in which 
there may be either self-fertilization or else croes-fertiliza' 
tion with other individnalB of the same species, the latter 
produces bettor results in number and vigor of offspring. 
But there are other advantages, more difficult to prove 
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bat Qone the less certaio, &nd of the greatest importance 
in evolntion : First, as already stated, complexity of in- 
heritance, like complexity of composition in a chemicaJ 
substance, gives instability to the embryo, and thus lia- 
bility to variation in the offspring ; and this in its turn 
furnishes the material for selection of the fittest. Again, 
it seems to me that there is a direct tendency to improve 
the offspring by a aort of stmggle in the embryo among 
the Tarions qualities inherited from both sides, and a 
Burvival of the best and strongest — a sort of pre-potenoy 
of strong qnalities. 

Can divergence of tmiting individnals and the fund- 
ing of diverse characteristics go any farther ? It may. 
The differences of the uniting individual may be still fur- 
ther increased, and the resulting ofCspring still further 
improved by the cross-breeding of diflerent varieties of 
the same species, for we thus add varietal differences to 
sexual differences in the uniting individuals. It is veil 
iinowQ that too close breeding, or consanguineous breed- 
ing, or breeding in and in, as it is variously called, if 
continued long, has a bad effect on the offspring, weaken- 
ing the stock, while judicious crossing of varieties within 
certain limits of difference has a good effect, strengthen- 
ing the stock and increasing its fertility. It probably 
does so in two ways : one direct, by funding many diverse 
qnalities from both sides, and the survival in the off- 
spring of the strongest and best ; the other indirect, by 
giving plasticity, instability to the embryo, and varia- 
bility to the offspring, and therefore abandant material 
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for the operation of Bolection, either by man or by Na- 
ture. We said, " within certain limits of difference." If 
the difference is extreme, as in extreme varieties and 
races, then the effect becomes again bad, and more and 
more so as the limit of specific difference is approached ; 
at vhich limit at last Nature shuts down and forbids the 
bans. Thus, then, there is in cross-breeding a regular law 
of effect, increasing to a maximum and agaiu decreasing, 
which may be graphically represented by a curve (Pig. 
09). In this figore the horizontal line represents the or- 




dinary level of the type ; distances on this line represent 
differences, individual, varietal, or specific ; ordinates 
above or below represent the effect, good or bad, of cross- 
ing. Thus a a' represent two species, and the line between 
represents their specific differenoes ; r r' represent different 
races or permanent varieties ; v v' two strong varieties ; 
dd' ordinary individual differences ; cr* close resembling 
or consangnineons individuals. The undulating line rep- 
resents the effect of crossing these various kinds. It is 
seen that *' in-and-in breeding," c c', produces bad effect 
(negative ordinates) ; breeding of ordinary individual 
differences, dff, keeps the stock at the ordinary level — in 
its typical form ; crossing two strong varieties, v v', pro- 
duces maximum good effect (positive ordinates) ; crossing 
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decided races produces again bad effects, which become 
infinitely bad as we approach species, b b'.* 

It is geDerallj admitted that long-con tinned very close 
breeding has a bad effect. Even in plants, Darwin has 
shown that cross- fertilization has better effect than self- 
fertilization, this last being of coarse the closest possible 
breeding. But it is probable that the principal bad effect 
is not on the stock but on the process of evolution. Very 
close breeding weakens the Btock, ordinary breeding of 
indiridoal differences maintains tbe stock at the or- 
dinary level and fixes it. Cross-breeding of varieties 
etrengthens the stock, and also (and this is its main 
advantage) produces plasticity in the stock, gives rise to 
strong divergent variations, or even sports, and thns be- 
comes a main agent in evolution. It is probable, more- 
over, that the higher the function the more Beusitive is it 
to these effects of breeding. Therefore, the effect is great- 
er in man than in any other animal. It is true that many 
have doubted the bad effect of close breeding in man, 
and have brought forward formidable statistics to sul^tan- 
tiate their position ; bat these doubtletis take no account 
of the most important function, the psychic, and espe- 
cially the most important element in every function, so 
far as evolution or progress is concerned, viz., plasticity 
or capability of progressive improvement. The tendency 
of consanguineous breeding, or even the breeding of per- 

* Ur. Qatton (" Nfttant," August SS, IBSS) hu ased & diagram ^mi- 
lar to the nbora (which I first osed in 18TS) to iUuitrate (he taw of 
Mxiul •ttraction and repogouioe. 
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sons of like character and experiences, as in an isolated 
oommanity, is, if not to deteriorate the pbyaiqne, at least 
to fix, stereotype the character, and thus to check social 
progress. Contrarily, the crossing of yarietiea of the 
same race Beems not only to strengthen bat, by the diverse 
inheritance, to prodnoe plasticity of character and ca- 
pacity for progress. But the difference between the pri- 
mary races seems too great for crossing with advantage. 
Some degree of sexual repugnance which undoubtedly 
exists between the primary races is the psyobioal sign of 
this fact.* 

If, now, we go back to what we said before taking up 
this subject of the effect of cross-breeding, we at once see 
that there is an apparent flaw in all our reasonings. If 
close in-and-in breeding produced better and more nn- 
merona oSapring than cross-breeding between slight va- 
rieties, then, indeed, such varieties would be preserved, 
and increase in divergence from generation to genera- 
tion antil they became species. Or, in any case, if, in 
any way, divergence conld reach the point of extreme 
varieties or races, or what are called sub-species, then 
commencing cross-sterility would complete the separa- 
tion, and thus form true species. Bnt how can the pro- 
cess of progressive divergence begin, when slight varie- 
ties are even more fertile by cross-breeding than by close 
breeding ? Is it not evident that, with every generation, 

* This sabject is more fully dimuasad bj the iiUthor in an arUde en- 
titled " Genesis of Sex," In " The Popular Sdeuoe Montiilj,'' voL xvi, pi 
107, ISTR. 
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the slight varieties would crose-breed with one another 
and with the parent stock, and thus all Tarietal difler- 
ences wonld he funded into a common stock, and the 
type wonld be preserved nochanged ? This, aa already 
pointed out (p. 76), has always been the chief difficnlty 
in the way of imagining how varieties can grow into spe* 
cies ; and the difficulty is only increased by our discos- 
sion of the law of cross-breeding. Now, just here. Dr. 
Bomanes's most important and prolific idea comes to oui 
help, and, as it seems to ns, completely solves the diffi- 
cnlty, 

Aocordiiig to Dr. Romanes, no organ is so subject 
to variation as the reproductive, and this in no respect 
so much as in degrees and kinds of fertility — we might 
almost say so subject to freaks of cross-sterility. Now, 
snppose we start with any well-defined species in a state 
of nature. With every generation there are many 
slightly divergent individual varietiee, some greater and 
some less ; bat these are all immediately swamped by 
crossing with one another and with the parent stock, 
and the speoies remuns unchanged. But snppose among 
these divergent variations there arise, from time to 
time, some which affect the reproductive organs in snch 
wise that the variety, though perfectly fertile with its 
own kind, is infertile, or imperfectly fertile, with other 
varieties, and especially with the parent stock. The 
change may be only in the time of flowering in plants, 
or season of heat in animals, or it may be actual in- 
fertility in Eexnal onion. Right here we have the be- 
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ginning of a uev Bpeciea. The Yariety is seznslly ieo 
lated from iiie parent etock by cross-sterilitj, and 
therefore all its peculiarities, however trivial, are pre- 
served by tme breeding. OroBs-breeding is neoeaaary to 
make species, bat true breeding preserves them. Cross- 
breeding tends ever to make varieties, bat immediately 
deatrojB them again. This constant forming and swamp- 
ing, separating and again merging of varieties, like 
mixing of dough, makes the whole mass (stock) more 
and more plastic and sabject to variety. This plas- 
ticity finally gives rise to varieties of the kind which 
produces species by sexual isolation. By continued 
merging the centiifngal forces continually increase, but 
are continually repressed by crossing, until finally vari- 
eties break away to form species. 

Now it is easy to see, from this point of view, why 
artificial varieries are cross-fertile. It is because in 
artificial breeding we are intent only on making vari- 
eties in form, size, color, etc., and not at all on making 
any characterized by cross-sterility with the parent 
stock. CrosB-sterility with the i>arent stock, or with 
other varieties, would be of no advantage, because we 
control the breeding, and can breed true if we desire. 
Sexual isolation is not necessary, beoanse we can nse 
physical isolation. On the contrary, such cross-sterility 
would be a positive disadvantage to the breeder, by 
limiting the range of his experiments just where they 
would be most prolific in making new varieties. Hence, 
as might be expected, all domestic varieties are cross- 
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fertile, aniesa it be the extreme Tarieties, which may, 
in some instances, have passed the limit of greatest 
fertility. 

If this idea be tme, then species which have origin 
nated in the same locality onght to be always oross- 
Bterile, bnt species which have grown up apart, in widely 
separated geographioal regions, ought to be sometimes 
cross-fertile, because they were isolated by physical not 
by sexual barriers. Snch, Dr. Bomanes thinks, is a fact. 
It is, however, a very important point, which onght to 
be carefully investigated. We say "sometimes." It ia 
probable that most geographical species also are cross- 
sterile ; for, although the isolation by crosa-sterility of 
slight varieties be the main cause of the origin of species, 
yet a species formed by isolation of any other kind 
will gradually become crosa-sterile with other species. 
Although cross-sterility be the main canse of divergence, 
yofc divergence beyond a certain limit, however cansed, 
will bring abont cross-sterility, beoaose the reprodnctive 
organs will partake of the general change going on in 
every part. 

• Applloation. — Suppose, then, a species breeding natu- 
rally in a wild state. Individual varieties are constantly 
being formed and again funded back into the common 
stock by cross-breeding. If the varieties thus formed 
be decided, the oroas-breeding will strengthen the stock, 
and especially will preserve and increase its plasticity or 
tendency to variation. Finally, among the widely di- 
vergent varieties there is one affecting the reproductive 
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organs of Eeteral iadividoals in each wise that tlie; are 
infertile, or imperfectly fertile, with the pu«nt stock, 
though perfectly fertile among themselveB. These form 
a new specieSj which contione to increase indeBnitely. 

Objection anairerod. — This view completes the answer 
to an objection which is often made to evolntaon : '* If 
natural species are formed by transmntation, why is it 
we do not find intermediate links ? Why is not organic 
nature made up only of individual forms, shading in- 
sensibly into each other in snoh wise that classification 
becomes a mere device to handle more conreniently 
complex material ? Why is it that groups, especially 
species, are marked ont with hard and fast lines P" 
We have heretofore answered this by saying that inter- 
mediate forms are eliminated. So they are, bnt how? 
Dr. Bomanes's idea of physiological selection largely 
answers this. It is by the fanding of ordinary varie- 
ties into a common parental stock by crossing, and 
separating specific Tarieties by crosS'Sterility. Thus the 
organic field is broken np into points about which 
variations oscillate. Aa every mass of matter, when 
closely examined, is found to consist of aggregations 
about centers of cohesive attraction as discrete granules 
or crystals, and only exceptionally do we find a homo- 
geoeons vitreous stmeture ; even so organic forms ag- 
gregate about points of sexual attraction, and the whole 
mass consists of discrete species, and only exceptionally 
— i. e., in domesticafion — do we find insensible shad- 
ings. Now, species are the smallest aggregate of indi* 
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Tidnals, as grannleB are of molecules. Species are more 
distinctly marked ont by hard and fast lines than are 
other taxonomic gronps only because they are the last, 
going downward, that are cross-sterile — becaose right 
here is the change from cross^terility to cross-fertility. 

If this Tiew be trae, then in the same locality spe- 
cies ought to be always distinct and irithont shadings. 
If we find shadings at all, it oaght to be in interme- 
diate geographical regione, where isolation is not sexoal 
but physical Now, this is exactly what we find to bo 
the feet Innumerable examples of such inlermsdiale 
forms in intermediate geographical regions are now. 
known, especially among birds and reptiles, and exam- 
ples have so increased in modern times, by closer study, 
that naturalists, especially ornithologists, have been com- 
pelled to resort to a trinomial nomenclatnre in order 
to designate these geographical snb-Bpeoies.* 

If any farther explanation is necessary, it will ptob> 
ably be foond in the following saggestions : 

1. The namber of individnal Tarieties constantly 
being formed is almost infinite, bat the namber of 
places in nature is very limited. Now, among the in- 
finite number of slight individoal varietieB formed with 
every generation, the competitive struggle will be se- 
Terest between those most nearly alike, because they are 
competitors for the same place. Only one kind sdo- 

* For ei&mples of tUi (he reader ti referred to Oope, " BaUetin of 
the Natioiul Utuemii," No. I ; tod to Ooaes'i " Ee; to NorUi Amerioa 
Birda," lut editfon. 
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ceeds, viz., the fittest. Intermediate forms are, there- 
fore, ez&ctly those which are eliminated in the most 
wholesale way. 3. Add to this the fact that, as soon 
as dirergence, from whatsoever cause, reaches a certain 
point, se:xna] repagnanoe or crosa-eterility, or both, come 
in to perpetuate and increase the separation already 
commenced. 3. Add to this, again, that migrations in 
higher animals, and involuntary dispersals in lower ani- 
mals and in plants, and the mingling together of dif- 
ferent faunas and florae, produces a still fiercer straggle 
for life, espedally between natives and invaders, and 
thus great numbers of forms are destroyed ; all but the 
fittest ai« weeded out, and therefore the distinctness of 
the remainder is greatly increased. Periods of great 
changes of physical geography and of oHmate, and there- 
fore of wide and general migrations, are also periods 
of great weedings-ont of unfit forms. Thus it happens 
that existing faunas and floras are little else than iso- 
lated remnantB. 

To illustrate, again, by a growing tree : If all the 
buds of a tree lived and grew, they would soon become 
so numerous that they would together form a solid 
hemispherical mass, like a coral-head, with no room 
between for leaf or light or air. But ninety-nine one- 
hundredtbs of buds die in the struggle for light and 
air, and therefore the survivors are distinct growing 
points, widely separated from each other. Species are 
such extreme, but separated, twiglets of the tree of life. 

OtijeotioiL — But it will be objected, again : The twig- 
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points are, indeed, separate, but the twigs themselTes 
miiBt meet somewhere lover dowD, where they began 
to grow. Intermediate linka may be wanting now, but 
they mast, of course, have existed once — i. e., in pre- 
TtoQB geological times, and therefore ought to be found 
fossil. In distribution iu space or geographically, organic 
kinds may be marked ofF by hard-and-fast lines, but, 
if their deriTative origin be trne, in their distribution 
in iime or geologically, there ought to be many examples 
of insensible shadings between them. In fact, if we 
only had all the extinct forms, the organic kingdom, 
taken as a whole and throughout all time, ought to 
consist not of species at all, but simply of indiTidnal 
forms, shading insensibly into each other, like the colors 
of the spectrnm, and oar classification oaght to be a mere 
matter of oonyeoienoe, baring no counterpart in nature. 
But this is not the fact. On the contrary, the law of 
distrlbntion in time is apparently similar in this respect 
to the law of diatribntion in space, already given (page 
169). As in the case of contiguous geographical faunas, 
the change is apparently by sulsiituiion of one species 
for another, and not by transmutation of one species 
into another. So also in successive geological faunas, 
the change seems rather by substitntion than by trane- 
mutation. In both cases species seem to come in sud- 
denly, with all their specific characters perfect, remain 
substantially nnchanged as long as they last, and then 
die oat and are replaced by others. Certainly this 
looks much like immutability of specific forms, and 
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eapernattiTalism of specific origio. We h&re, we be- 
lieve, Batisfactorily explained this id the case of geo- 
graphical distribution (page 301), but how csa we ex- 
plain it in the case of geological dietribation ? 

Answer. — 1. The reason for this, given by Darwin 
and other evolctioniatB, is the extremely fragmentary 
character of the geological record. If the existing 
fannas and fioras are but isolated remnants, the rest 
having been destroyed by migrations and conflicts, how 
much more are fossil faunas and floras bnt fragmentary 
remnants, the rest having been lost, partly because never 
preserved, and partly by destrnction of the record I If 
from this cause existing species are widely separated, 
how much more ought we to expect to find fossil species 
distinct and widely separated t 

This is undoubtedly in most cases a tme and suCS- 
oient answer, yet we think the fragmentariness of the 
geological record has been overstated. Wbile it is tme 
that there are many and wide gaps in the record ; while 
it is tme, fdso, that even where the record is continnous 
many forms may not have been preserved, yet there are 
some cases, especially in the Tertiary fresh-water de- 
posits, where the record is not only oontinnons for hun- 
dreds of feet in thickness, but the abundance of life 
was very great, and the conditions necessary for preser- 
vation exceptionally good. In such cases the number 
of fossil species fonnd on each horizon seems to be as 
great as in existing faunas over equal space. The rec- 
ord in these cases seems to be continnoua and without 
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break, and crowded with fossil forms ; and yet, although 
the Bpecies change greatly, and perhaps many times, in 
passing from the lowest to the highest strata, we do 
not Qsnatly, it mast be acknowledged, find the gradual 
traositions we would natarally expect, if the change 
were effected by gradual transformations. The incom- 
pleteness of the record, therefore, although a tme and 
important canse, is not the whole cause. 

In farther and completer answer to this greatest of 
all objections, we will throw out the following sng- 
gestions : 

2. We mast remember that considerable latitude is 
allowed by the anti-deriTationists to variation of apeciea ; 
BO much so, indeed, that it is often diflScalt to draw the 
line between well-marked varieties and closely-allied spe- 
cies. Now, according to the derivationist, these strong 
varieties, breeding usually true, are naught else than 
commencing species. 

3. On every side and everywhere, both in existing 
faauas aod in fossil forms, but especially in the latter, 
we find Innumerable examples of transitions, or inter- 
mediate forms, between all the higher groups, such as 
genera, families, orders, and classes. It is, in fact, by 
means of these that the great law of difFereutiation 
from generalized types has been established. It is, 
therefore, only between species that snch intermediate 
forms are rare. 

A. Bat even between species such intermediate forms, 
though rare, have been pointed out, both in existing 
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aad in extinct fannas. Bat the opposition contend that, 
in all such cases, the preTioaslj supposed species are 
only Tarieties, We haye already (page 61) spoken of 
the ohvions fallacy inTolved in this position. Species 
are first defined aa forms distinct and withont inter- 
mediate links, and then we are challenged to find ench 
links; and when, with much labor, we find them, they 
Buy the supposed species are not species, bnt only vari- 
eties. But there are some cases in which this snbterfoge 
will not do. There are cases in which the traueitiona 
are between forms so extreme that they can not, by any 
stretch of the term, be called varieties. We will select 
and dwell npon bnt one striking example, viz., the fossil 
forms of the Tertiary fresh-water deposits of Steinheim. 
In Wurtemberg, near the little Tillage of Steinheim, 
are fotind certain strata of sand and lime, which are evi- 
dently deposits from a small lake of Tertiary times. The 
deposits are extremely rich in fossil shells, especially of 
the different species of the genns Planorbis. As the de- 
posits seem to bare been continnons for ages, and the 
fossil shells very abundant, this seemed to be an excel- 
lent opportunity to test the theory of derivation. With 
this end in view, they have been made the subject of ex- 
haustive study by Hilgcndorf in 1866,* and by Hyatt in 
1880.f In passing from the lowest to the highest strata 

* " Monatsbericht d. k. Freiue. Akademle d. WIsseDBcbaft (u Berlin," 
for July, 18SS. 

■f "Genesis of Tertiary Species of Planorbia st Steiaheln)." A. Hffttt, 
AimiT«nBi7 Memoic of the Boscon Sodetj of Xatural Hittorj, ISBO. 
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the apecies change greatly aad man; times, the extreme 
forma being bo difierect that were it not for the inter- 
mediate forma they wonld be called not only different 
specieB bat different genera. And yet the gradationa are 
BO inaeoGible that the whole seriea is nothing less than a 
demonstration, in this case at least, of origin of species 
by derivation with modificationa. The accompanying 
plate of snccessiTo forms (Fig. 70), which we take from 
Prof. Hyatt's admirable memoir, will show this better 
than any mere verbal explanation. It will be observed 
that, commencing with fonr slight varieties — probably 
sexually isolated varieties — of one apecies, each series 
shows a gradual transformation as we go upward in the 
strata — i. e., onward in time. Series I branches into 
three anb-aeriea, in two of which the change of form la 
extreme. Series IV ia remarkable for great increase in 
size as well as change in form. In the plate we give only 
selected stages, bnt in the fuller plates of the memoir, 
aod still more in the shells themselves, the snbtilest gra- 
dations are found. 

This case is striking, partly because it is a very favor- 
able one, bnt mainly because it has been bo carefnllj 
studied. There can be no doubt that equally careful 
study would reveal the same traualtiou in many other 
cases. Nor are such transitions confined to the lower 
forma of life, though they are probably more abundant 
there. According to Cope, the nicest gradations may be 
traced between some of the extinct mammalian species 
ao abundant in the Tertiary deposits of the West — espe- 
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¥ia. 70. — Tranafonnationi of PUnoiUa (after H]«tt), 
geriM IV. 1, Ft. IbvIb : Undorf. S, PI. SteinheimeiisiB ; S, tennlt-Stdik- 
heimensfi ; 4, tennis ; S, dUooldeiu ; S, Cn>chlfonnU-discofite(u ; 7, 
trochiformls : Bteinbeim. 
Btrim III. B, PI. leTii; Undorf. B, PL oiynomiu; 10, Bupremnl; 11, 

aupremua var. turriU: Stelnheim. 
atriall. ia, PLIeria: Undoif. 18, FLare«»i«-pamu; 14, lS,eT» 
eeoa: Steinhdm. 

18, PI. leili: Uudotf. 17, PI. mlnutaa-lerla; 
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18, mlnatus; IV, 20, triqnetnu; Stdnhdm. Su&^eriaS. SI, PL 

minntus; 22, !iS, denadatus-mlnutUB; S4, demidBtiis T>r. diBlortuB: 
Steinheim. 8ui-ieriei 1. 2B, PI. ooatatDS-nuDUtus ; 26, coBUtUB ; 
2T, 28, costatuB var — : Steinheim. 
The apedmetia from tJndorf all belong to an older Tertiaiy period than 
tlut at Steiuhnim. 

cially between the species of the extinct generalized fam- 
ily of OredoniidcB.* The same is probably true of the 
many extinct specieB of the horse family. 

It is interesting to observe that the details of the pro- 
cess of change in the forms of Flanorbis are in accord 
Tith I)r. Bomanes'B views. The change does not seem 
to hare been nniform hut somewhat paroxysmal. The 
fonns seem to remain stable for a long time, and then a 
few break into several different forms, while the more 
rigid die out. It is as if cross-breeding had kept the 
type tme, but at the same time increased its tendency to 
TRriation, nntil finally one or more varieties became sexu- 
ally isolated and thns formed new species. 

5. But still the question remains : Why are transi- 
tional forms rare in all cases, especially between species — 
BO rare that they are eagerly sought and highly prized P 
I believe that the true reason of this is that the steps o/ 
evolution are not always uniform. 

Nearly all evolutionists have assumed and even in- 
sisted on uniformity, aa the opposite of catastrophism 
and of supematuraliam, and therefore as essential to the 
idea of evolution. They say that the constancy of the 

* In a letter to the author, dated Febmar; IS, 188T, Prof. Cope says ; 
"Bach tnuuitioDB of Bpedes are clear); indicated In the Orfodoniida, 
where such different fonoB as O. graeilU and O. CvtbtrUoni are oonnected 
bj Intergradadona." 
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action of the forces of change necessitates the nQiformitj 
of the rate of change. But, in fact, this is not always 
Dor even, nsually true. Oauses or forces are constant, bnt 
phenomena everywhere and in every departnient of Na- 
ture are paroxysmal. The forces producing storms and 
lightning, and volcanoes and earthquakes, are or may be 
constant ; yet the phenomena ore in the highest degree 
paroxysmal. Wherever in nature we have a constant 
force and a strong resistance, ve find more or less paroz- 
ygmal action. For this reason the wind hlows in puffs, 
the friction of wind on water produces waves, water run- 
ning in small pipes issues in pulses. The reason is ob- 
vious, as may be seen by the following examples : Sup- 
pose lifting forces within the earth are resisted by crust- 
rigidity. The forces accumulate uniformly until the 
resistAUoe gives way, and suddenly we have an earth- 
quake. Water mnning with great Tesfstance in small 
pipes is checked, hut soon accnmnlates additional force, 
which overcomes the resistance, only to be again checked, 
and so on, and therefore runs in pulses. Now, the course 
of evolution of the whole earth may be likened to such a 
current ; there are forces of movement and forces of re- 
sistance — progressive forces and conservative forces. The 
progressive force is accumulative, the resisting force is 
constant. Thus, in all evolution or history, whether of the 
earth or of society, there are periods of comparativ& quiet, 
during which the forces of change are gathering strength, 
and periods of revolution or rapid change, during which 
these forces show themselves in couspicaous effects. 
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Now, that there have been snch periods of rapid revo- 
lationary change in the history of the earth, there can ha 
no donbt. The history of the earth is marked by periods 
of comparative qniet, dariog which life was exception- 
ally abundant and prosperous, and change of organic 
forms alow and aniform — separated by periods of dis- 
tnrbaiice, revolntion, rapid changes of physical geogra- 
phy and climate, and consequently of comparatirely rapid 
and sweeping changes in organic forms. These form the 
division-lines between great eras of the earth's history, 
and are always marked by extensive unconformity of the 
strata, showing the changes of physical geography above 
spoken of, and by apparently sudden and sweeping 
change in life-forms, showing the great changes of cli- 
mate and other physical conditions. Unfortanately, in 
all cases of unconformity of strata, there is, of coarse, a 
break in the continuity of the record ; and when the nn- 
couformity is very general a portion of the record may 
be irrecoverably lost The consequence is, that there la 
an apparent break also in the continuity of life-forms. It 
looks, at first sight, like wholesale extermination of old 
and recreation of new forms. But undoubtedly the break 
in the continuity of life is appareut only, as is shown by 
the loss in the record. If we could recover the whole 
record, as indeed we sometimes do, we should find in all 
oases that there is no break in the continnity of evolu- 
tion, but only more rapid rate of change at these times. 
But to this cause of rapid rate of progress — I e., change 
of physical environment— we must add change of organio 
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eDTiroament induced bj the phyeical. We hare slreadj 
seen (p. 179) that extensiye changes in physical geogra- 
phy and climate are always accompanied by wide migra- 
tions and dispersals of species, the mingling of faunas 
and floras, and the severer straggle tor life, and the 
sweeping weeding-ont of all but the fittest, and the 
change of these latter, making them still fitter. These 
two oanses of rapid change, m., change of climate and 
migrations, together with the loss of record, we believe 
completely aOconnt for those sweeping changes, not only 
of species bat even of genera, families, and orders which 
characterize the passage from one great era to another. 

But this does not yet explain the apparent disconti- 
nnity between consecutive species in the same locality in 
oontinaons, conformable strata, or the rarity of transi- 
tional forms when one species takes the place of another 
in an apparently cootinnoas record. In snch continaoos 
deposits the successive faunas do indeed gradate insensi- 
bly into one another, but apparently as in contigaous geo- 
graphical regions (p. 200) by snbstitation, not by trans- 
mutation. How shall we explain this P 

On this point I throw oat some suggestions : 1. In 
the modification of species, too, as well as in other pro- 
gressive changes, we may imagine two forces operatiog, 
one progressive, the other conservatiTe — ^the one external, 
the other internal. The external progressive force con- 
sists of all the factors of change already mentioned, the 
internal conservative is the law of heredity, of like pro- 
daoing like. A changing environment tends continually 
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and increasingly to change of organisms, bat change is 
resisted by heredity, which tends to adhere, within nar- 
row limits, to the same form. Bnt since the external- 
force or tendency to change increases constantly — since 
the discoid between the environment and the organism 
becomes ever greater, there must come a time when either 
the species is destroyed, or else the resistance of heredity 
gives way, and rapid change takes place. The alternative 
is presented to the species to transform or perish ; and in 
one of perhaps in two or three generations we have an 
amount of change which, onder other oircamstances, 
might take a hundred generations to accomplish. These 
rapid changes are in fact exactly what in artificial varie- 
ties we call sports. We do not know all the oonditiona 
which determine sports in domestioation, and still less 
what determines large and widely-divergent vanations, 
and therefore rapid origin of many divergent species, in 
geological history. But one thing seems probable, viz., 
that, when a species begins to change, it continues to 
change easily and in many directions. When resistance 
gives way it takes some time, many generations, for he- 
redity to gather force agmn. Hence, young species are 
plastic, fluent, beoanse heredity, on any one point, has 
not yet accumulated. But as soon as a stable form is 
f^n reached, then, by accamnlating a fund of heredity, 
the form tends to become more and more rigid, until 
often it becomes too rigid to yield to modifying iufiu- 
ences. uid therefore becomes extinct. By far the greater 
nnmber of species do thus become extinct and leave no 
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progeny, while the few mora plaatic forms are modified 
in eeTeral directdons, and the namber of forms may, after 
a little time, be aadimioished or eTen increased. 

2. Aa to the cause of rapid changes of form during 
revolationary or critical periods in the earth's history, 
Brooks has introdnced an idea which is yery snggeetive, 
and deserves Berione attention. We have abore spoken 
of the progressive element aa externaL Brooke regards 
both elements as internal, and represented by the two 
sexes. The male represents the progressive, the female 
the conservative element. The one tends to divergent 
variation, the other to fixity of type by heredity. I 
think we will all admit that, as a general rule, in man 
(and probably all the higher animals) the male is more 
highly differentiated into many divergent forms — the 
female is more like the type-form of the epeoiea. In 
man, the male is certainly more diversified in form, in 
expression, and in character. If they have the keenest 
ear for mosical pitch, they are also most often mnsic- 
deaf ; if they have the sharpest perception of color, they 
are also most often color-blind ; if among them we find 
the brightest intellects, we also find the dnllest and 
most stnpid ; if there are among them more geninses, 
so, also, there are more cranks. The same is also, prob- 
ably, trae of other animals, in proportion to their grade 
of organization. The operation of these two equally 
necessary elements is well shown in every advancing 
society. The initiative of every movement, in all direo* 
tions, good or bad, is determined by the male ; the ood* 
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serratioQ of whateyer balsiioe of good there may be, 
seems to be maioly hj the female. The male tries all 
thiDgH, the female holds fast that which is good. Bj 
the one society gains a little in each generation ; by the 
other the gain is oonserred and made a new point of 
departore. The one is erer building hastily a scaffold- 
ing aad platform ; the other ever consolidating into a 
permanent strnctnre. Now, according to Brooks, what 
ia true in the plane of social progress is trne also in 
the lower plane of organic evolution. In sexual union, 
and in the resulting ofispring, the sperm-cell is tiie 
element which tends to divergent variation, and the 
germ-cell to fixity of type, throogb heredity. In arti- 
ficial breeding, then, we ought to make new varieties by 
proper use of the sire ; we ought to preserve them true 
by proper management of the dam. 

' Bnt, again, it .is believed that in many lower ani' 
mala, especially insects, the high-feeding of tbe mother, 
and consequent good condition of the ovum, tends to 
tbe production of female offspring. It seems almost 
certain that, in butterflies, the sex is not yet declared 
in the caterpillar stage. According to the careful ex- 
periments of Mrs. Treat,* if the caterpillars be well fed, 
they become female butterflies ; bnt, if poorly fed, they 
make males. One purpose ot this provision of Nature 
is, doubtless, to provide for the greater draught on the 
vitality of the female in reproduction. 

"'AmericBii Naturalist," IBTS; "Popolu Sdenoe Montbl;," Jane, 
U7S. 
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TSow for the application. In good tunes in the hie< 
tory of a species, when everything is proaperoos, external 
conditions are favorable, and food ie abondant, females 
are in excess, and individuals sre greatly mnltiplied. 
Under these conditions, evolution would be slow and 
uniform. But in bad times in the history of a species, 
when external conditions were nnfavorable, not onlj 
would there be excess of males, but these, through the 
influence of the changiug environment, as well as through 
the domiuEmce of the male element, would be more than 
usually varied in character. Among the strongly diver- 
gent varieties thus formed, ihe fittest — ^i. &, those most 
in accord with the changing environment — would sur- 
vive and leave offspring partaking of their character. 
We have already repeatedly said that the severer pressure 
of a rapidly-changing environment determines oorre- 
spondiugly rapid obauges in organic forms. It may do 
so in many ways ; hut, according to Brooks, one of the 
most important ways is by determining an excess of the 
male element. 

In brief, then, the causes of rarity of transitional 
forms among fossils are — 1. The change being, for the 
reasons given, comparatively rapid, the number of gen- 
erations between consecntive species are few, perhaps 
only one. 2. Times of rapid change are also times of 
unfavorable conditions, and therefore the number of 
individuals in each generation is small, and all the 
smaller — in Brooks's view — ^because of the fewness of 
females. When we remember that fossils are hut a 
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gmall fraotioQ ot tlie actual faunas and floras of tbe 
time, sorely these two caaseB go far toward explaining 
the rarity of links between species. 3. Add to these 
the existence of periods of wide-spread changes in pbysi- 
cal geography and climate, and conseqnent wide migra- 
tions and dispersals of species, and we sufficiently ac- 
connt for those sweeping changes in species, genera, 
families, and ciders, which mark the limits of the great 
eras, and which are made still more abmpt, and appar* 
ently sapeinatura), by tbe loss of record at these times.* 

Objection. — ^Tbere is still one more objection which 
will be made. We have drawings of plants, animals, 
and men, by Egyptian artists, who lived at least three 
thousand years age, and tbe species of the one and the 
races of the other are still the same. Still better, we 
have among the wrappings of Egyptian mnmmies the 
Tery plants themselTes, leaves and flowers perfectly 
preserved, and even colors almost perfect. Yet tbe 
species are exactly tbe same as grow in Egypt to-day. 
If species are made by gradual transmutation, sorely 
there onght to have been some change in three thon- 
sand years. 

Answer. — It may be well to note that this appuvnt 
permanence is true of races of men as well as of spe- 
cies of animals and plants. But the very men who 

* For s falter derelopmeat oE this Babjsct the reader iB referred to 
■n article bj the aathor, entitled " Crttickl Periods In the Higlorj of, and 
thdr Relation to, ETolution " (" American Jouinil of Bdenee," tdL zIt, 
p. 99, 1877). 

19 
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insiBt on permanence of species are equally insistent on 
the T&riability of Tsrietiee and races. The objection, 
therefore, proyes too macb. We shall not insist on this, 
bowerer, because as derivationists we regard races as 
nanght else than commencing species, and therefore 
sabject to the same lavs. We are not BtriTing for tri- 
umph iu debate, but only for truth. The true answer 
will, we belieTe, be found among the following sa^es- 
tiona : 

1. Three thousand years seems a long time in bumsn 
bistoTy, but in geological history it is but a day. This, 
the uBoal answer, is no doubt a true one, bat hardly, 
we think, sufficient. When we remember the enormouB 
change which has taken place in faunas and floras since 
the end of the Tertiary, if change still continues at the 
same rate, surely it ought to be distinctly perceptible 
in three thousand years. 

3. But we must remember that such changes are 
nsnally more or less paroxysmal ; not, indeed, so sud- 
den as to break the continuity of life, but tar more 
rapid at some times than at others. The last critical 
or reTolntionary period of rapid change was the Glacial 
epoch. Since that time — i. e., during the human pe- 
riod — a new equilibrium has been established, and the 
changes in organic forms have been rery slow. 

3. Piemember, again, that in evolution tUl speciea 
do not change. On the contrary, most become rigid, 
and either remain unchanged, almost indefinitely, ol 
alse die out and leave no descendants. Only the more 
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plastic forma change into other epecies, bet nsnally 
into seyeral other species, and thas the number of forms 
may be nndiminisbed, even though the larger number 
of old forms leave no descendants. It is true, there- 
fore, of this as well as of other epochs, that the greater 
number of species are permaoent. 

i. It is not imposeible — indeed, it is iu exact ac- 
cordance with the laws of CTolation — that organic forms 
are more permanent now than ever before. Evolntion 
is a growth ; the forces of growth mnat exhaust thcm- 
selTes, Evolution proceeds by constant differentiation 
and specialization, but extreme specialization always 
arrests evolution. In ontogenic evointion, for example, 
cell-stmcture becomes more and more specialized, but 
also thereby more and more rigid, and, when special- 
ization is complete, evolution stops, and cell-forms are 
permanent. It is this which limits the cycle of every 
evolution. So is it precisely with evolution of the or- 
ganic kingdom, except that the cycle is much longer. 
Here, also, every step is by specialization, and yet spe- 
cialization fixes the form, and finally arrests the advance 
on that line. Thus, throughout the whole geological 
history of the earth, the larger number of forms, by 
specialization, become rigid and perish, while the fewer, 
more generalized, and more plastic forms take up the 
march and carry it forward a step, only to be them- 
selves specialized and fixed. If we compare, again, to a 
tree : each twig finishes its growth, flowers, fruits, and 
dies ; other bnds take up the growth and carry it for- 
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vard. By specialization the highest condition of a oei> 
tain form of life is attained, bat other poasibilitiea ore 
shot off. Extreme specialization is the flowering and 
fruiting — the end and completion of twig-life. Now, 
obrioiiBly, this specialization and respecialization can 
not go on forever. When it is complete in every direc- 
tion it must cease, and forms become permanent, or else 
perish. When it flowers it mnst die. 

Now, is not the advent of man in many ways a sign 
of the completeness of orgonio evolution ? Certain it 
is that with man there begins an entirely new form of 
evolntion. Certain it is that with man evolntion is 
transferred from the organic to the social plane, from 
the material to the psychical. Certain it is that the 
forces, the conditions and results of this evolntion, are 
wholly different from those of the other. In organic evo- 
lntion the organism must conform to the environment ; 
in hnman evolntion the environment is made to conform 
to the wants of the organism. The one is nnconecioua 
and involuntary, passive nnder tbe dominating laws of 
Natare ; the other is conscions, volnntory progress toward 
an ideal, by the use, among other means, of the laws of 
Nature. The one is by change of external form — i. e., 
change of species — the other by change of brain>etmct- 
nre. Now, does not the commencing of the cycle of 
this new evolntion imply the closing of that of the old P 
The two may overlap somewhat now, but it is evident 
that, wlien the cycle of hnman evolution culminates, 
when highly civilized man shall have taken posseaaoa 
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of the whole earth, the vhole orgaaio kingdom moat 
be resdjnsted to bis wants. All organic forms must be 
either domeBtioated or destroyed. Organic forms will 
no longer be modified by natnral bat wholly by arti- 
ficial selection. 

There are many other sapposed objections which have 
been nrged, bat these are mostly not objections to byo- 
Intion, but only to some iipecial theory of evolntion-^ 
Darwinian, Spencerian, Lamarckian, or other. 

Origin of Beau^. — For example, it has been urged 
that natural selection can only acoonnt for useful stmct- 
nres ; but beauty is as nniyersal and as conspicnons in 
natnre as use. In many cases Darwin has shown that 
beanty is osefnl, and in such cases it is, of coarse, 
seized upon by selection and intensified. Thos, the 
gorgeons coloring of birds and insects is largely due 
to sexual selection. Beanty is attractive, and therefore 
the most beantifol prevail in securing reproductive op- 
portunities. This character is, therefore, perpetuated 
in the oftspring, and intensified from generation to gen- 
eration. But, of course, this can apply only to higher 
animals, in which the sexes are separate and sexual 
union voluntary. It can not apply to self-fertilizing 
hermaphrodites; aud yet iu these, also, we often find 
the most gorgeous coloring. Again, Darwin has very 
Ingeniously and successfully explained the case of the 
beauty aud fragrance of fiowers of hermaphroditic plants 
by another principle, viz., that of inseci-seUctian. Id' 
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sects are attraoted b; the moat showy and fragraat 
flovers, and thus become the mesiu of carrying pollen 
from flower to flower, insuring fertilization, and espe- 
cially croes-fertilization. The most beautifnl and fr^ 
grant flowers are most certain to be fertilized, and tbns 
beaaty and fragrance become osefnl to the plant, and 
therefore are selected and intensified. 

These and many other cases of beanty may doubtless 
be explained by showing that it is nsef ul ; bat beanty 
which is withoat any use can not be explained by nat< 
ural selection. Now, as already said, the most gorgeons 
beanty is lavishly distribnted eren among the lowest 
animaJs, snch as marine shells and polyps, where no snch 
explanation is possible. The process by which snch 
beanty is originated and intensified is wholly unknown 
to ns. 

Inotpient Oigans. — Again, Tdirart has drawn attenMon 
to another difficnlty in the way of natural selection as an 
explanation even of nsefal organs. Daririn does not, of 
course, attempt to account for the origin of Tarieties. 
As we have already seen, he asanmes divergent Tariation 
of offspring as the necessary material on which natural 
selection operates. He who shall explain the origin of 
Tarieties will have made another great step in completing 
the theory of eTolatiou, But not only does not natural 
selection explain the oHffin of varieties, but neither can 
it explain the first steps of advance toward osefulneBS. 
An organ must be already useful before natural selection 
can take hold of it to improve it It can not make it 
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itsef nl, but only more useful. For example, if fins com- 
menced as buds from tbe trank, it is difficult to see how 
they Gould be of any use, and therefore how they could 
be improved by natural selection until they were of con- 
siderable size, and especially until muscles were developed 
to move tbem. Until that time they would seem to be 
a hindrance to be femoTed by natural selection, instead 
of a use to be preserved and improved. It would seem 
that many oi^ans must have passed through this incipi- 
»nt stage, in which their use was prospective. 

Much that is very interesting might be said on these 
and similar points of difficulty, but all this lies entirely 
aside from the scope of this work. As already said, these 
are not objections to evolution or derivation, but only 
to Darwinism, or any other special theory, aa a suj^ident 
explanation of the process of evolntion. They only show 
that we do not yet fnlly understand this process ; that 
there are still other and perhaps greater factors of evolu- 
tion than is yet dreamed of in our philosophy. 

In the foregoing chapters on special evideuces, and 
especially in the last two, the reader will observe many 
points of doubt, disonsBion, and difference of opinion. 
Let it not be concluded on that account that the law of 
evolution is still in the region of uncertainty. It can 
not be too strongly insisted on that the fact of evolution 
as a universal law must be kept distinct from the causes, 
tbe factors, the conditions, the processes, of evolution. 
The former is certain, tbe latter are still imperfectly un- 
derstood. 
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CHAPTER L 

JITTEODncrOBT. 

Fboh what has preceded, the reader will pereeire 
that we regard the law of evolution as thoroughly estab- 
lished. In its most general sense, i. e., as a law of con- 
tinaity, it is a necessary condition of rational thought. 
In this sense it is naught else than the universal law of 
necessary causation applied to forms instead of phe- 
nomena. It is not only as certain as — it is far more 
certain than — the law of gravitation, fpr it is not a con- 
tingent, but a necessary truth like the asioms of geome- 
try. It ia only necessary to conceive It clearly, to accept 
it unhesitatingly. The conaensus of scientific, and phil- 
osophical opinion is already well-nigh, if not wholly, 
complete. If there are still lingering cases of dissent 
among thinking men, it is only because such do not yet 
conceive it clearly — they confound it with some special 
form of explanation of evolution which they, perhaps 
justly, think not yet fully established. We have Bome- 
timee in the preceding pages used the words evolutionist 
or derivationist ; they ought not to be used any longer. 
The day is past when evolution might be regarded as a 
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Bohool of thoaght. We might as well talk of gravita- 
tionist as of erolntioniat. 

If, then, erolntioii as a law be certain, if, moreover, 
it is a law Meeting not only one part of Nature — the 
organic kingdom— and one department of Bcienee — bio- 
logy — bnt the whole realm of Nature and every depart- 
ment of science, yea, every department of thought, 
changing our whole view of Nature and modifying onr 
whole philosophy, the qnestioo presses upon ub, " What 
will be its effect on leligiooB belief, and therefore on 
moral conduct F " This is a question of gravest import. 
To answer it, however imperfectly, ie the chief object of 
this work. Except for thie, it wonid probably never 
have been undertaken. All that goes before is sub- 
sidiary to this. 

Bnt I will doubtless be met at the very threshold by 
an objection from the scientific side. Some will say— 
because it is the fashion now to say — that as simple, 
honest tmtb-eeekers, we have nothing to do with its 
effect on religion and on life. They say we most follow 
Truth wherever she leads, utterly regardless of what may 
seem to ns moral consequences. This I believe is a grave 
mistake, the resalt of a reaction, and on the whole a 
wholesome and noble reaction, against the far more com- 
mon mistake of sacrificing truth to a supposed good. 
Bnt the reaction, as in most other cases, has gone much 
too far. There is a true philosophic ground of justifica- 
tion for the reluctance with which even honest tmth- 
eeekers accept a doctrine which seems harmful to so- 
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oiety. Effect on life is, and ought to be, an important 
element in our estimate of the truth of any doctrine. It 
is necessary for me to show this, in order to justify this 
part of my work. 

Eelatlon of tlie Trne and the Good. — There is a ne- 
cessary and indissolnble connection between truth and 
nsefuluesB. We all at once admit this conneotion in one 
direction. We all admit that a truth mnet eventually 
hare its useful application. It may not be now, nor in 
ten years, nor in a century, nor even in a millennium, 
but some time in the future it will Tindicate its useful- 
ness. No truth is trivial or useless in its relation to 
human life, for man is a part of Mature, and bis life must 
be in accordance with the laws of Nature. Every one 
admits this, but not every one admits the converee 
proposition, viz., that whatever doctrine or belief, in the 
long run and throughout the history of human advance- 
ment, has tended to the betterment of our race, must 
have in it an element of truth by virtue of which it baa 
been useful ; for man's good can not be in conflict witli 
the laws of Nature. Also, whatever in the long ran and 
in the final outcome tends to the bad in human conduct, 
ought to be received, even by the honest truth-seeker, 
with distrust as containing essential error. The reason 
of this will now be further explained. 

Halation of Philosophy to Life. — There are three pri- 
mary divisions of our psychical nature, viz., eensuous, 
intellectual, and volitional or moral. There are three 
corresponding primary processes necessary to make a 
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complete rational aod satislactoT; philosophy : (1) There 
is first the instreaming of the external world throngb the 
Bensea, as impreasiona. These we call facts or phenome- 
na. (3) The elaboration of these facts within, b; the in- 
tellect, into a compact, consistent stmctnre. This we call 
knowledge. (3) The outgoing of this knowledge by the 
foiU into the world as right or wise condnct. Now these 
three are all equally necessary. All these three portions 
ot our complex uatnre are equally urgent to be satisfied.* 
But, anfortnnstely, scientific workers are too apt to 
think only 1 and 3 necessary — that true facts elaborated 
into consistent theory are all we need care for. Theo- 
logians and metaphysicians, on the other hand, seem to 
think only 2 and 3 necessary. They elaborate a theory 
consistent in all its parts, exquisitely woven in beautiful 
and delicate pattern, and apparently satisfactory in its 
application to the right conduct of life, bat are less 
carefnl to inquire whether it is in harmony with facts 
derived from the senses. Bnt, we repeat, all three are 
equally necessary. The first gathers the materials, the 
second constmots the edifice, the third, by use, by prac- 
tical application, tests whether it be a fit building to live 
in, whether it is constructed on sound architectural prin- 
ciples. The tendeucy of the olden time was to neglect 
the first, the tendency of the present time is to neglect 
the third. Bnt we repeat with stronger emphasis that this 
third element is equally necessary. All admit that snc- 
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oeBstul applioatioii in art is the snreBt teHt of the trnth 
of science. Now, social conduct is the art correspond- 
ing to our philosophy of life, and therefore is the sure 
test of its truth. It follows, therefore, that nnless all 
these three primary divisions of onr nature are satis- 
fied by any doctrine, there mast result an ineradicable 
confnsion and discord in onr psychical nature, and cor- 
dial acceptance is not only impoesible bat irrational. 
We insist upon this the more because it has become the 
fashion in these latter days of dominance of science, to 
say that to inquire into effects on society is inconsistent 
with the scientific spirit, and unworthy of the honest 
tmtb-seeker. But, obserre, I am speaking of effects on 
society only as a test of truth. I would not swerve a 
hair's breadth from absolnte' devotion to truth. It is 
necessary, indeed, to inquire into effects on society, but 
we must inquire only in the patient spirit characteristic 
of the truth-seeker. Whatever is really true will surely 
vindicate itself by its beneficence, if we will only wait 
patiently for final results. Evolution is no exception 
to this aniversal tmth. It will surely vindicate its 
beneficence, but we must wait yet a little while — ^not very 
long. 

So much it was necessary to say in justification of the 
inquiry which constitutes this third part of our work. 
But, after this jnstiflcatioD, the question returns with 
additional emphasis, " What will be the effect of the 
universal acceptance of the law of evolntion on religious 
thought, and through this on the right condnct of life ?" 



UigniaOb, Google 



2S0 EVOLUTION AND SEUOIOUS THOTrOHT. 

There can be no doabt that evolntioii, as a law affect- 
ing aH soieDoe and ever; department of Natore, must 
fundamentally affect the whole nalm of thought^ and pro- 
foundly modify oar traditioiuil viewa of Nature, of God, 
and of man. There can be no doubt that we aro now on 
the ere of a great rerolntion. Bat, as in all great revo- 
Intions, eo in tbia, the first fears as to its effects are 
greatly exaggerated. To many, both friends and foes of 
Christianity, evolntion seems to sweep away the whole 
foundation, not only of Christianity, bat of all religion 
uid morals, by demonstrating a nniversal materialism. 
Hany are ready to cry ont in angnish, "Ye have token 
away onr gods, what have we more ? Ye have destroyed 
our dearest hopes and noblest aspirations, what more 
is left worth living for P" • Bat I think all who are at all 
familiar with the history of the BO-«alled conflict between 
religion and soience will admit this is not the first time 
this cry has been raised against soienoe. They have 
heard this danger-cry so often that they b^n to regard 
it as little more than a wolf-cry — scientific wolf in the 
religions fold. It may not be amies, then, to stop a mo- 
ment to trace rapidly the main points of this conflict — to 
discuss the Tarious forms of this scientiflc wolf. 

First, then, it came in the form of the helioeentrie 
theory of the planetary gystem. "We once thonght the 
earth the center of the aniverse, and so firm that it can 
not be moved. Bat science showa that it moves about 
the sun, and spins unceasingly on ite axis. Every one 
has beard of the terror of the sheep produced by this dis- 
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covety, and the nearly tragic results to the bold Ecientist. 
But DOW we look back with wonder that there should 
have been any troable at alL Wonid any Ohrietian now 
consent to give up the grand conceptions of Nature and 
of God thns opened to the hnman mind — the idea of 
infinite space full of worlds, of which our earth is one, 
moving in silent harmony as in a mystic dance ? Verity, 
this wolf has proved itself a barmleBs, nay, a reiy noble 
beast, and lies down in peace with the lambs. 

Next, it came in the shape of the law of gravitation, 
as suatentatioD of the cosmos by law and resident forces. 
The effect of this on religious thought was eren more 
profound, though less visible on the surface, because only 
perceived by the most intelligent Itseemed at that time 
to remove God from the coarse of Natnro. This was the 
real ground of the skepticism of the last centnry, and 
also the real motive of Voltaire's ardent advocacy of 
Newton's views before these were generally accepted in 
iEVance. Sat now, who would give ap this grand Idea — 
this conception of law pervading infinite space — the same 
law which controls the falling of a stone guiding also the 
planetary orbs in their fiery courses ? This is indeed the 
divine spheral music, inaadible but to the ear of science, 
accompsnyiug the celestial dance. 

Next, it came in the form of the antiquity of the earth 
and of the cosmos. The earth which we bad fondly 
thought made specially for as about six thoasand years 
ago ; sun, moon, and stars, which we had vainly imbued 
Rhone only for our behoof — these, science tells us, existed 
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and each performed its due coorae iDconceivable ages 
before there was a man to till the ground or contemplate 
the heavens. Some of m; readers may still remember 
the horror, the angry dispnte which followed the pro- 
mnlgatioQ of these factfl. Bat now, who would consent 
to give np the noble conception of infinite time tbns 
opened to the hnman mind and become forever the heri- 
tage of man F 

Next, it came in the form of the antiquity of man. 
It is probable, nay, certain, that man baa inhabited the 
earth far longer than we had previoaBly supposed we bad 
warrant for belieTing. The controTerey on this qnestion 
and the dread of its reenlt has indeed not yet entirely 
subsided. Some timid people still look askance at this 
wolf, but I think all intelligent people accept it and find 
it harmless. 

Next, and last, it comee now in the form of evolution 
— of the origin of all things, even of organic forms, by de- 
rivation — of creation by law. We are even now in the 
midst of the terror created by this doctrine. Bnt what 
is evolntion bat law thronghont infinite time ? The 
same law which now controls the development of an egg 
has presided over the creation of worlds. Infinite space 
and the nniversal law of gravitation ; infinite time and the 
universal law of evolntion. These two are the grandest 
ideas in the realm of thought. The one is aniversal sns- 
tentation, the other universal creation, by law. There 
is one law and one energy pervading all space and stretch- 
ing through all time. Our religious philosophy has long 
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ago accepted the one, bat haa not yet had timo to re- 
adjuat itself completely to the other. A few more years, 
and ChristiaDs will not only accept, bat lore and cherish 
this alBO for the noble conceptioas it gives of Nature and 
of God. 

But some will exclaim, "Noble conceptions of God, 
Bay you ! Why, it utterly obliterates the idea of God 
from the mind. All other conflicts were for outworks — 
this strikes at the citadel. All others required only re- 
adjustment of claims, rectification of boundaries betwixt 
science and religion — this requires nothing less than un- 
conditional sarrender. Evolution is absolute material- 
ism, and materisUsm is incompatible with belief in God, 
and therefore with religion of any kind whatsoever I " 
Before proceeding any farther, it becomes necessary to 
remove this difficnlty oat of the way. 
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It is Been in the sketch giren in the previona chapter 
that, after every straggle between theology and scieooe, 
there hae been a readjostment of some beliefs, a giving 
np of some notions which really had nothing to do with 
religion in a proper eense, hut which had become so 
associated with religious belief as he to confounded with 
the latter — a giving up of some line of defense which 
ought never to have been held because not within the 
rightful domain of theology at all. Until the present 
' the whole difficulty has been the result of misconception, 
and Christianity has emerged from every struggle only 
strengthened and purified, by casting oS an obstracting 
shell which hindered its growth. But the present strug- 
gle seems to many an entirely different and far more 
serious matter. To many it seems no longer a struggle 
of theology, bat of essential religion itself — a deadly 
life-and-death struggle between religion and materialism. 
To many, both skeptics and Christians, evolution seems 
to be synonymous with blank materialism, and therefore 
cuts up by the roots every form of religion by denying 
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the ezisteQce of God and the fact of immortality. That 
the enemies of religion, if there be any sach, should 
assnme and insist on this identity, and thns carry orer 
the whole aocnmulated evidence of evolution as a dem- 
onstration of materialism, although wholly nnvarrant- 
ed, is not so surprising ; but what ahall ve say of the 
incredible folly of her friends in admitting the same 
identity I 

A little reflection will explain this. There can be no 
doubt that there is at present a strong and to many an 
overwhelming tendency toward materialism. The amaz- 
ing achievements of modern science ; the absorption of 
intolleotnal energy in the investigation of estemal nature 
and the laws of matter have created a current in that di- 
rection so strong that of those who feel its influence — of 
those who do not stay at home, shut up in their creeds, 
but walk abroad in the light of modern thought— it 
sweeps sway and bears on its bosom all but the strongest 
and most reflective minds. Materialism has thns become 
fl fashion of thought; and, like all fashions, must be 
guarded against. This tendency has been created and 
is now guided by science. Just at this time it is strong- 
est iu the department of biology, and especially is evo- 
lution its stronghold. This theory is supposed by many 
to be simply demonstrative of materialism. Once it was 
the theory of gravitation which seemed demonstrative of 
materialism. The snstentation of the universe by law 
seemed to imply that Nature operates itself and needs no 
God. That time is passed. Kow it is evolution and 
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creation by law. This will also paes. The theory eeemi 
to many the most materialiBtic of all scientific doctrine 
only because it is the last whioh ia claimed by material- 
ism, and the absurdity of the claim is cot yet made 
clear to maoy. 

" The tmth is, there is no such necessary connection 
between evolation and materialism as is imagined by 
some. There is qo difference in this respect between 
evolutJOQ and any other law of Katore. In erolation, it 
ia tme, the last barrier is broken down, and the whole 
domain of natore is now subject to law ; but it is only 
the last J the march of science has been in the- same di- 
rection all the time. In a word, cTolatton is not only 
not identioa. with materialiEm, but, to the deep thinker, 
it has not added a feather's weight to its probability, or 
reasonableness. Evolution is one thing and materialism 
qnite another. The one is an established l aw ot ii&- 
tnre, tE e "other an un warranted and hasty inference from 
that law. ]jet no one imagine, as^Ee is conducted by 
the materialistic scientist in the paths of evolution from 
the inorganic to the organic, from the organic to the 
animate, from the animate to the rational and moral, 
until he lauds, as it seems to him, logically and inevits- 

^ly, in universal materialism — let no such one imagine 
that be has walked all the way in the domain of science. 
He has stepped across the bouudory into the domain of 

. philosophy. Bat, on account of the strong tendency to 
materialism and the skillfnl guidance of his leaders, 
there seems to be no such boundary; be does not dis- 
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tingaish between the induotione of scienoe and the in- 
feronces of a shallow philosophy ; the whole ia accredited 
to science, and the final coaclnsion seems to carry with 
it all the certainty which belongs to scientific resnlts. 
The fact that these materialistio conclusions are reached 
by some of the foremost scientists of the present day 
adds nothing to their probability. In a question of sci- 
ence, viz., the law of evolution, their authority is de- 
servedly high, but in a question of philosophy, viz., 
materialism, it ts far otherwise. If the pure scientists 
smile when theological philosophers, unacquainted with 
the methods of science, undertake to dogmatize on the 
subject of evolution, they must pardon the philosophers 
if they also smile when the pure scientists imagine that 
they can at once solve questions in philosophy which 
have agitated the human mind from the earliest times. 
I am anzions to show the absurdity of this materialistic 
conclusion, but I shall try to do so, not by any labored 
argument, but by a few simple illustrations. 

1. It is curious to observe how, when the qnestion 
is concerning a work of Nature, we no sooner find out 
bow a thing is made than we immediately exclaim : " It 
ia not made at all, it became so of itself 1 " So long as 
. we knew not how worlds were made, we of course con- 
cluded they must have been created, but so soon as sci- 
ence showed how it was probably done, immediately we 
say we were mistaken — they were not made at all. So 
also, BO long as we could not imagine how new organic 
forms originated, we were willing to believe thej were 
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created, but, so soon as ire find tbat tbey ori{^aated by 
evolutioQ, many at once say, " We irere mistaken ; no 
crrator ia necessary at alL" Is tbis so wben the question 
is concerning a work of man ? Tea, of one kind — viz., 
tbe work of the magician. Here, indeed, we believe in 
him, and are delighted with bis work, nntil we knon 
how it is done, and then all our faith and wonder cease. 
Bat in any honest work it is not so ; bat, on tbe con- 
trary, when we anderatand bow it is done, stupid wonder 
is changed into intelleotnal delight. Does it not seem, 
then, tbat to most people Qod is a mere wonder-worker, 
a chief magician. But the mission of soienoe is to show 
OS bow things are done. Is it any wonder, then, that to 
snch persons science is constantly destroying their saper- 
stitioos illasions ? Bnt if Qod is an honest worker, ac- 
cording to reason — i.e., according to law — ought not 
scieaoe rather to change gaping wonder into intelligent 
delight — superstition into rational worship ? 

2. Again, it is cnrioas to observe bow an old truth, 
if it come only in a new form, often strikes us as aome- 
tbing unheard of, and even aa paradoxical and almost 
impossible. A little over thirty years ago a little philo- 
sophical toy, the gyroscope, was introduced and became 
very common. At first sight, it seems to violate all me- 
chanical laws, and set at naught the law of gravitation 
itself. A heavy brass wheel, four to five inches in diame- 
ter, at the end of a horizontal axle, six or eight inches 
long, is set rotating rapidly, and then the free end of the 
axis ia supported by a string or otherwise. The wheel re* 
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maitiB snspended io the air while alowlj gpratiug. What 
mjeterious force snBtaiiiB the vheel when its only point of 
Bnpport is at the end of the axle, six or eight inchea 
away ? Scientiflo and popular literature were flooded 
with ezplanatiotiB of this aeeming paradox. Aud yet it 
was uothiug new. The boy's top, that spins aud leans 
and will uot fall, although solicited by gravity, so long 
as it spins, which we have seen all our lives without spe- 
cial wonder, is preoisely the same thing. 

Now, evolution is no new thing, but an old familiar 
truth ; but, coming now in a new and questionahle Bhape, 
lo, how it startles us out of our propriety I Origiu of 
forms by evolution is going on everywhere about qb, both 
in the inorganic and the organic world. In its more fa- 
miliar forms, it had never occurred to most of ua that it 
was a scientific refntation of the existence of God, that it 
was a demonstration of materialiam. But now it is pushed^ 
/ one step farther in the direction it has always been going 
— it is made to include also the origin of species — only a 
little change in its form, and lo, how we start I To the 
deep thinker, now and always, there is and has been the i 
alternative — materialiam or theism. God operates Nature \ 
or Nature operates itself ; bnt evolution puta no new ' 
phase on this old question. For example, the origin 
of the individual by evolution. Everybody knows that 
every one of us individually became what we now are by 
a slow process of evolution from a microscopic spherule 
of protoplasm, and yet this did not interfere with the 
idea of Qod as our individual maker. Why, then, should 
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the discoTCTy that the species (or first indlTidoals of e&ch 
kind) originated b; evolation destroy oar belief in Qod 
as the creator of species P 

3. It is carious and rer; interesting to obserre the 
manner in which vexed queetione are always finally set- 
tled, if settled at all. All vexed questions — i. e., qaes- 
tions which have tasked the powers of the greatest minds 
age after age — are such only becaase there is a real truth 
on both sides. Pure, unmixed error does not live to 
plagae as long. Error, when it contioues to live, doea 
BO by virtue of a germ of truth contained. Great ques- 
tions, therefore, continne to be argued pro and con from 
age to age, becanse each side is in a sense — i. e., from its 
own point of view — true, bat wrong in exolnding the 
other point of view ; and a true solntion, a true rational 
philosophy, will always be fonnd in a view which com- 
bines and reooucUes the two partial, mutoaUy excluding 
views, showing in what they are true aud in what they are 
false — explaining their differences by transcending them. 
This is BO universal and far-reaching a principle that I 
am sure I will be pardoned for illustrating it in the 
homeliest and tritest fashion. I will do bo by means 
of the shield with the diverse sides, giving the story 
and construing it, however, in ray own way. There is, 
apparently, no limit to the amount of rich marrow of 
truth that may be extracted from these dry bones of 
popular proverbs and fables by patient turning and 
jawing. 

We all remember, then, the famous dispute concem- 
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iflg the shield, with ita sides of different colors, which 
we shall here call white and black. We all remember 
how, after vain attempts to discover the tmth by dis- 
pute, it was agreed to try the scientific method of inTcsti- 
gatioD. We all remember the surprising result Both 
parties to the dispute were right and both were wrong. 
Each was right from his point of -view, bnt wrong in 
excluding the other point of view. Each was right in 
what he asserted, and each wrong in what he denied. 
And the complete troth was the combination of the 
partial truths and the elimination of the partial errors. 
Bnt we must not make the mistake of supposing that 
truth consiete in compromise. There is an old adage 
that tnith lies in the middle between antagonistic ex- 
tremes. But it seems to us that this is the place of 
safety, not of truth. This is the fayorite adage, there- 
fore, of the timid man, the time-serrer, the fence-man, 
not the tmth-seeker. Suppose there had been on the 
occasion mentioned above one of these fence-philoso- 
phers. He would have said : " These disputants are 
equally intelligent and equally T^iant. One side says 
the shield is white, the other that it is black, now truth 
lies in the middle ; therefore, I conclude the shield is 
gray or neutral tint, or a sort of pepper-and-salt." Do 
we not see that he is the only man who has no truth in 
him F No ; truth is no heterogeneous mixture of oppo- 
site extremes, bnt a stereoscopic combination of two sur- 
face views into one solid reality. 

!Kow, the same is true of all vexed questions, and I 
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have giYOn this trite fable again only to apply it to the 
case in hand. 

There are three possible yiews concerning the origin 
of organic forms whether iadividnal or speciflo. Two of 
these are opposite and mutually excluding ; the third 
combining and reconciling. For example, take the in- 
dividaal. There are three theories concerning the ori- 
gin of the individiial. The first is that of the pious 
child who thinks that he was made very much as he 
himself makes bis dirt-pies ; the second is that of the 
street-gamin, or of Topsy, who says ; *' I was not made 
at all, I growed" ; the third is that of most intelligent 
Christians— i. e., that we were made by a process of evo- 
lution. Observe that this latter combines and reconciles 
the other two, and is thus the more rational and philo- 
sophical. Now, there are also three exactly correspond- 
ing theories concerning the origin of species. The first is 
that of many pious persons and many intelligent clergy- 
men, who say that species were made at once by the Di- 
vine hand loitAout natural process. The second is that 
of the materialists, who say that species were not mode at 
all, they were derived, " they growed." The third ia that 
of tbe theistic evolutionists, who think that they were 
created by a process of evolution — who believe that mak- 
ing ia not inconsistent with growing. The one assei'ts 
the divine agency, hut denies natural process; the second 
asserts the natural process, hut denies divine agency ; tbe 
third asserts divine agency by natural process. Of the 
first two, observe, both arc right and both wrong ; each 
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view is right in what it asserte, and irrong in what it 
denies— each is right from its own point of Tiew, but 
wrong in ezclndiug the other point of view. The third 
is the onl; tme rational solntion, for it includes, com- 
bines, and reconoilee the other two; showing wherein 
each is right and wherein wrong. It is the combination 
of the two partial truths, and the elimination of the par- 
tial errors. Bnt let ns not fail to do perfect justice. 
The first two views of origin, whether of the indiTidnal 
or of the species, are indeed both partly wrong as well as 
partly right ; bnt the view of the pious child and of the 
Christian contains by far the more essential truth. Of 
the two sides of the shield, theirs is at least Uie whiter 
and more beautiful. 

But, ^88 1 the great bar to a speedy settlement of 
this question and the adoption of a rational philosophy 
'is not in the head but in the heart — is not in the reason 
but in pride of opinion, self-conceit, dogmatism. The 
rarest of all gifts is a truly tolerapt, rational spirit. In 
all oar gettings let us stiive to get this, for it alone is 
true wisdom. But we must not imagine that all the 
dogmatism is on one side, and that the theological. 
Many seem to think that theology has a "pre-emptive 
right " to dogmatism. If so, then modem materialistic 
science has "jumped the claim." Dogmatism has its 
roots deep-bedded jn the human heart It showed itself 
first in the domain of theology, beoanae there was the 
seat of power. In modem times it has gone oyer to the 
side of science, because here now is the place of power 
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and fashion. There are ttoo dogmatiama, both ei^nally 
opposed to the true rational flpirit, viz., the old theologi- 
cal and the oev Bcieatific The old clings fondly to 
old things, only because they are old ; the new graspa 
eagerly after new things, only because they are new. 
True wi3dom and true philosophy, on the contrary, tries 
all things both old and new, and holds fast only to that 
which is good and true. The new dogmatism taunts the 
old for credulity and superstition ; the old reproaches 
the new for levity and skepticism. But true wisdom 
perceiyes that they are both equally credulous and equal- 
ly skepticaL The old is credulous of old ideas and 
skeptical of new ; the new is skeptical of old ideas and 
credulous of new. Both deserve the unsparing rebnke 
of all right-minded men. The appropriate rebuke for 
the old dogmatism has been already put in the mouth 
of Job in the form of a bitter sneer : *' No doubt ye are 
the people, and wisdom shall die with you." The ap- 
propriate rebnke for t^e new dogmatism, though not put 
into the mouth of any ancient prophet, ought to be ot- 
tered — I will undertake to utter it here. I would say to 
these modem materialists, "No doubt ye are the men, 
and wisdom and true philMophy were born with you." 

Let it be observed that we are not here touching the 
general question of the personal agency of God in operat- 
ing Nature. This we shall take up hereafter. All thai 
we wish to insist on now is that the process and the law 
of evolution does not differ in its relation to materialism 
from all other processes and laws of Nature. If the 
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SQstentation of the naiverse by the lav of grayitatioD 
does not disturb onr belief in God as the sustainer of 
the Dniyerse, there is no reason why tiie origin of the 
nnirerse by the law of evolution should distarb onr 
faith in God as the creator of the universe. If the law 
of gravitation be regarded as the Divine mode of susten- 
tation, there is no reason why we should not regard the 
law of evolation as the Divine process of creation. It is 
evident that if evolution be materialism, then is grav- 
itation also materialism ; then is every law of Ifature 
and all science materialism. If there he any difference 
at all, it consists only in this : that, as already said, here 
is the iast line of defense of the supporters of aupernatn- 
ralism in the realm of tCatnre. But being the last line 
of defense^the last ditch— it is evident that a yielding 
here implies not a mere shifting of line, but a change 
of base ; not a readjustment of details only, but a reeon- 
atruciion of Christian theology. This, I believe, is in- 
deed necessary. There can be little doubt in the mind 
of the thoughtful observer that we are even now on the 
eve of the greatest change in traditional views that has 
taken place since the birth of Christianity. But let no 
one be greatly disturbed thereby. For as then, so now, 
change oomes not to destroy but to fulfill all our dearest 
hopes and aspirations ; aa then, so now, the germ of 
living truth has, in the course of ages, become so en- 
crusted with meaningless traditions which stifle its 
growth, that it is necessary to break the shell to set it 
free ; as then, so now, it has become necessary to purge 
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l^igiona belief of drosB in the form of triTialitiea and 
«aperstitiotiB. This has erer been and ever will be the 
fnnotion of science. The essentials of religions faith tt 
does not, it can not, touch, bnt it pnrifies and ennobles 
oar conceptions of Deity, and thos elevates the whole 
plane of religions thonght 

It will not, of oonrse, be expected of me to gire, even 
in briefest outline, a system of reconstrncted Christian 
thought. Sach an attempt wonld be wholly unbecoming. 
Time, rery much time, and the co-operation of many 
minds, bringing contribntions from many departments 
of thought, is necessary for this. In a word, it can only 
itself come by a gradual process of evolution. Bnt from 
the point of view of science some very fundamental 
changes in traditional Tiewa are already plain. Of these 
the most fundamental and important are our ideas con- 
cerning God, Katnre, and man in their relations to one 
another. These will form the subject of the next three 
chapters. 
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THE EELATION OF GOD TO NATUaE. 

We hare already said that erolntion doea not differ 
esBentially from other lave of Nature in ita bearing on 
religions belief. It only reiterates and enforces with 
additional emphasiB what Science, in all itB departments, 
has been Baying all along. The difficulties in the vay of 
certain traditional Tiews have pressed with eyer increas- 
ing force npoo the thoughtful mind ever since the birth 
of modern science. All along, an issue has been gatbei^ 
ing, but put off from time to time by compromise, until 
now, at last, the issne la forced upon us and compromise 
is exhausted. The issne (let us look it squarely in the 
face) is : Either Grod is far more closely related with Na- 
ture, and operates it in a more direct way than we hare 
recently been accustomed to think, or else (mark the al- 
ternative) Nature operates itself and needs no God at 
all. There is no middle ground tenable. 

Let us trace rapidly the growth of this issue. The 
oM idea and the moat natural to the religions mind was 
the direct agency of God in every erent and phenomenon 
of Nature. This view is nobly expressed in the noblest 
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literature in the Torld — in the Hebrew and Ghriatiaii 
Scriptiires : " He looketh on the earth and it trembleth. 
He toncheth the hills and they Bmoke." " He m&keth 
bis son to rise on the evil and on the good, and eendeth 
his rain on the jnst and on the unjust^" Bat now comes 
Science and explains all these phenomena by nataral laws 
and resideDt forces, and we all accept her explanation. 
Thus, one by one the phenomena of Nature are explained 
by the operation of resident forces according to natural 
laws, nntil the whole conrse of Natnre, as we now know 
it, has been, or will be, or conceivably may be, thus ex- 
plained. 

Thns has gradually grown np, without our confesaing 
it, a kind of scientific jiolytbeiem — one great Jehovah, 
perhaps, but with many agents or sab-gods, each inde- 
pendent, efficient, and doing all the real work in his own 
domain. The names of these, onr gods, are gravity, light, 
beat, electricity, magnetisni, chemical affinity, etc., and 
we are practically saying : " These be your gods, 
Israel, which brought yon out of the land of Egyptian 
darkness and ignorance. These be the only gods ye 
need fear, and serve, and study the ways of." 

What, then, is practically the notion which moat 
people seem to have of the relation of Deity to Natare ? 
It is that of a great master-roechanio far away above us 
and beyond oar reach, who once upon a time, long ago, 
and once for all, worked, created matter, endowed it with 
necessary properties and powers, constructed at once out 
of hand this wonderful cosmos with its numberless 
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-wheels nithin wheels, endowed it with forces, put springs 
in it, wonnd it up, set it a-going, and then — rested. 
The thing has continaed to go of itself ever since. He 
might hsTe not onl; rested bnt sl^t, and the thing 
voold have gone of itself. He might not only have 
slept bnt died, and still the thing wonld hare continned 
to go of itself. Bnt, no, I forget. He mnst not sleep or 
die, for the work is not absolutely perfect. There are 
some things too hard even for Him to do in this master- 
Inl, god-like way. There are some things which even He 
can not do except in a 'prentice-like, man-like way. The 
hand mnst be introdnced from time to time to repair, to 
rectify, to improve, especially to introdace new parts, 
snch as new organic forms. 

Snch was the state of the compromise nntil twenty- 
five years ago. Nature is sufficient of itself for its course 
and continuance, but not for oriffins of at least somt new 
parts. Snch was the state of the compromise until Bar- 
win and tfae theory of evolution. But, now, even this 
poor privilege of occasional interference is taken away. 
Now, origins, as well as courses, are reduced to resident 
forces and natural law. Now, Nature is sufficient of it- 
self, not only for sustentation, but also for creation. 
Thus, Science has eeemed to push Him farther and far- 
ther away from us, nntil now, at last, if this view be 
true, evolution finishes the matter by pushing Him en- 
tirely out of the universe and dispensing with Him alto- 
gether. This, of course, is materialism. But this is no 
new view now brought forward for the first time by evo- 
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luHoB. On the contrary, eTolatioD only finishes irliat 
science has been doing all along. 

See, then, how the isane is forced. Either Katnre is 
efficient of itself and wanta no Qod at all, or else this 
whole idea, the history of which we haTe been tracing, is 
radically false. We have here given by science either a 
demonstration of materialism or else a reducHo ad ai' 
surdum. "Which is it ? I do not hesitate a moment to 
Bay it is a rednctio ad absnrdum. And I believe that 
erolntion has conferred an inestimable benefit on phi- 
losophy and on religion by forcing this issne and com- 
pelling US to take a more rational view. 

What, then, is the alternative view ? It is the ntter 
rejection with Berkeley and with Swedenborg of the in- 
dependent existence of matter and the real efficient 
agency of natural forces. It is the frank retnm to the 
old idea of direct divine agency, bat in a new, more ra- 
tional, less anthropomorphic form. It is the bringing 
together and complete reconciliation of the two appar- 
ently antagonistic and mntaally ezclnding views of du 
reet agency and natural law. Such reconciliation we 
have already seen is the tme test of a rational philosophy. 
It is the belief in a God not far away beyond onr reach, 
who once long ago enacted laws and created forces which 
oontinne of themBelves to mn the machine we call Ma- 
ture, but a God immanent, a God resident m Nature, 
at all times and in all places directing every event and 
determining every phenomena — a God in whom in the 
most literal sense not only we but ^ things have tlieir 
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being, in whom all thin^ consist, through whom all 
things exist, and withont whom there would be and coald 
be nothiag. According to this Tiew the phenomena of 
Nature aie naught else than objectified modea of divine 
thoaght, the forces of Nature naught else than different 
forms of one omnipresent divine energy or will, the 
laws of l^atnre naught else than the regular modes of 
operation of that divine will, iuvariable because He is 
unchangeable. According to this view the law of gravi- 
tation is naught else than the mode of operation of the 
divine energy in sustaining the cosmos — the divine meth- 
od of sustentation ; the law of evolution naught else 
than the mode of operation of the same divine energy 
in origioatiDg and developing the cosmos — the divine 
method of creation ; and Science is the systematic knowl- 
edge of these divine thoughts and ways — a rational eye- 
tern of natural theology. In a word, according to this 
view, there is no real efficient force but spirit, and no 
real independent existence but God. 

But some wiU object that this is pure Idealism. Yea, 
but far different from what ttsnally goes under that 
name. The ideal philosophy as usually understood re- 
gards the external world as having no real objective ex- 
istence outside of ourselves — as objectified mental states 
of the observer — as literally such stuff as dreams are made 
of — as a mere phantasmagoria of trooping shadows hav- 
ing no real existence but in the mind of the dreamer, 
and eaoh dreamer makes his own world. Not so in the 
idealism above presented. According ^ this the exter- 
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nal world is the objectified modes, not of the mind of 
the observer, bat of the mind of God. According to 
this, the external world is not a mere unsubstantial fig- 
ment or dream, but for us a very Btibstantial objective 
reality smronnding as and conditioning as on every 
Bide. 

Again, it will be objected that this is pare Pantheism, 
Again, we answer "yes." Call it eo if yon like, but far 
different from what goes under that name, far different 
from the pantheism which sablimates the personalis of 
the Deity into all-pervading anconscioos force, and 
thereby dissipates all our hopes of personal relation with 
him. Properly nnilerstood, we believe this view com- 
pletely reconciles the two antagonistic and mutually ex- 
cluding views of impersonal pantheism and anthropomor- 
phic personalism, and is therefore more rational than 
either. The discassion of this most important point can 
only come ap after the neit chapter, litecause the argu- 
ment for the personality of Deity is derived, not from 
without by the study of Nature, but from within in oar 
own oonsciousaess. We therefore put off its discussion 
for the present. 

But, finally, some will object, "We can not live and 
work effectively under such a theory unless, indeed, we 
escape throngh pantheism." It may, alaa ! be true that 
this view brings us too near Him in our sense of spiritual 
nakedness and shortcoming. It may, indeed, be that we 
can not live and work in the continual realized presence 
of the Infinite. It may, indeed, be that we must still 
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wear the yeil of a practical materialism on our hearts and 
mindB. It may, indeed, he that in our practical life and 
Bcientific work we mast etiU continue to think of natural 
forces as efficient agents. Bat, if so, let us at least re- 
member that this attitude of mind mnat he regarded only 
as OUT ordinary work-clothes — necessary work-clothes it 
may be of oar outer lower life — to be put aside when we 
return home to our inner higher life, religioos and phUo- 
BophicaL 



Up-iieObyGOOt^lC 



THI BELA.TIOK OF MAN TO KATtTBB. 

tfBEBE are two widely diBtinct TiewB conoerniog the 
relation of man to Nature ; the one as old as the history 
of human thought, the other only now urged upon us 
by modem Boience. According to the one, man is the 
CDUDterpart and equivalent of Natnre. He alone has — 
in fact is — an immortd spirit, and therefore he belongs 
to a world of hiB own. According to the other, man ia 
hut a p&rt, a very iuBignificant part of Nature, and coiw 
nected in the closest way with all other parts, especially 
with the animal kingdom. He has do world of his own, 
nor even kingdom of his own : he belongs to the animal 
kingdom. In that kingdom he has no department of 
his own : he is a vertebrate. In the department of verte- 
brates he has no privileged class of his own : he is a 
mammal. In the class of mammals he has no titled 
order of bis own : he is a primate, and shares his pri- 
macy with apes. It is doubtful if he may enjoy the pri- 
vacy of a family of his own — the Hominidfe — for the 
etmctural difFerences between man and the anthropoid 
apes are probably not so great as between the sheep 
family and' the deer family. 
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Koir it is evident that these two are onlj views from 
different points, psychical and strncturaL From the 
psychical point of view it is simply impossible to exag- 
gerate the wideness of the gap that separates man from 
even this highest animals. From this point of view 
man must be set over as an equivalent, not only to the 
whole animal kingdom, bat to the whole of ^Nature be- 
sides. From the structural point of view, on the con- 
trary, it is impossible to exaggerate the closeness of the 
connection. Man's body is identified with all Nature in 
its chemical constitnents, with the body of all animals 
in its fnnotione, with all vertebrates, especially mammals, 
in its structure. Bone for bone, muscle for muscle, 
ganglion for ganglion, almost nerve-fiber for nerve-fiber, 
his body corresponds with that of the higher animals. 
Whether he was derived from lower animals or not, cer- 
tain it is that his structure even in the miaatest details 
is precisely such ae it would be if he were thus derived 
by enooessive slight modifications. 

Now, of these two views, the latter has been in recent 
times enormously productive in increasing oar knowl- 
edge. Anatomy has become truly scientific only through 
comparative anatomy ; physiology throngh comparative 
physiology ; embryology through comparative embryol- 
ogy. Sociology is fast following in the same line, and 
becoming scientific throagh comparative sociology. Is 
not the same true also of psychology ? Will not psy- 
chology become truly scientific only through comparative 
pByohology, 1. e., by the study of the spirit of man in re- 
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latioa to vhat correapoDds to it in lower animalB F Bnt 
this view and this metbod, when pushed to what seema 
to m&ny their logical conolaeioD, end in identification of 
man with mere aninials, of spirit with mere physical and 
chemical forces, immortality with mere conservation of 
energy, and thos leads to blank and nniTersal materialism. 
Thna, while it increases onr knowledge, it destroys onr 
hopes. Is there any escape ? There is. The two extreme 
Tiews given above are not irreconcilable. As already 
said, they are only views from different points, and there- 
fore, althoQgh both true, are eqnally one-sided and partial, 
and a trne and rationed philosophy, in this as in all other 
caaes of vexed qnestions, is found only in a higher view, 
which cnmbinea and reconciles these mutually excluding 
extremes. Can we find such a view ? I think we can. 

Let US first, however, trace some of the stages of thia 
scientific materialism. There are two main branches 
of the argument for materialism : one deffved from 
brain-physiology, the other from evolution. As we wish 
to be perfectly fair, we will present and even press the 
argument in both these directions, although the latter 
alone bears directly on the subject in hand. 

In recent times, physiology has made great and, to 
many, startling advances in the direction of connecting 
mental phenomena with brain-changes. Physiologists 
have established the correlation of vital with chemical 
and physical forces,* and probably in some sense, at 

* See u article b; th« aathor on tbU subject, " AmGiicaa Joornal o< 
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least, of mental with yital forces. They have proved, in 
every act of perception, first a phyeical change in a nerve« 
terminal, then a propagated thrill along a nerve-fiber, 
and then a resulting change, phyaioal or chemical, in the 
brain ; and in every act of volition, a change first in a 
brain-cell, then a return thrill along a nerve-fiber, and a 
resulting contraction of a muscle. Even the velocity of 
the transmiaeion to and fro has been measured, and 
the time necessary to produce brain-changes eetimated. 
They have also established the existence of physical and 
chemical changes in the brain corresponding to every 
change of mental state, and with great probabihty an 
exact quantitative relation between these changes of 
brain and the corresponding cbanges of mind. In the 
near f otnre they may do more : they may localize all the 
different faculties and powers of the mind, each in ita 
eeveral place in the brain, and thus lay the foundations 
of a truly scientific phrenology. In the far-distant fu- 
ture we may possibly do much more. We may connect 
each kind of mental state with a different and distinctive 
kind of brain-change. We may find, for example, a 
right-handed rotation of atoms associated with love, and 
a left-handed rotation associated with hate, or a gentle 
sideways oscillation associated with consciousness, and a 
vertical pounding associated with toill. Now, suppose 
all this, and even much more, be done in the way of 
associating, both in degree and in kind, mental changes 

Bcieiiw," ieriea ii, vol. iivilt, p. SOS, 18G9, and in "Popular Sdenot 
Uoothlj," VOL i*, p. IBS, 1878. 
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with braiii-«hang«s. What then f "Why," say the ma> 
terialists, "we thereby identify mind with maiter, men. 
tal forces with materi&l forces. Tfaonght, emotion, con- 
BCtomnesB and will become prodncta of the brain, in the 
same sense b& bile is a prodnct of the Uver, or area a 
product of the kidneys." 

Such is, in brief, the argnment, TSow, the answer ; 
We may do all we hare supposed and mnoh more. We 
may push onr knowledge in this direction aa far as the 
boldest itnaginatioa can reach, and even then we are no 
nearer the solution of tJiis mystery of the relation of 
braia-changes and mental changes than we are now. 
Even then it wonld be impossible for ns to conceive how 
brain-changes produce mental changes or vtce versa. 
Physical changes in sense-organs, transmitted along 
nerre-fibers, determine changes in brain-snbstance. So 
much is intelligible. But now there appear — ^how it is 
impossible to imagine — consoioosness, thought, emotion, 
etc. — phenomena of an entirely different order, belong- 
ing to an entirely different world. So different, that it is 
impossible to imagine the nature of the nexns between, 
or to coDBtrue the one in terms of the other. Brain-cells 
are agitated and thought appears : Aladdin's lamp is 
mbbed, and the genie appears. There is just as mach 
intelligible causal relation between the two sets of phe- 
nomena in the one case as in the other. 

Now, this mystery is not of the nature of those which 
disappear under the light of kuowle<!lge. On the con< 
trary, science only brings it out in sharper relief, and 



UigniaOb, Google 



THE EELATION OF MAN TO NATURK 309 

empbasizea its absolute ansolTableness. Suppose an ab- 
Bolutely perfect knowledge, perfect in degree, bat hnuian 
in kind. Snppoee an ideally perfect science — a gcionce 
which has BO completely subdued its domain, and re- 
duced it to suck perfect simplicity, that the whole cos- 
mos may be expressed in a single mathematical formula 
— a formula which, worked oat with plus signs, would 
give every phenomenon and event which shall ever occur 
in the future, and with minus sigas every phenomenon 
and event which has ever occurred in the past. Sorely, 
this is an ideally perfect science. Yet, even to snob a 
science, the relation of brain-changes to mental states 
would be as great a mystery as now. It would even 
come out in stronger relief, because so many other ap- 
parent mysteries would disappear. Like the essential 
nature of matter or the ultimate cause of force, this rela- 
tion lies evidently beyond the domain of science. It r&. 
quires some other kind of knowledge than human to 
nnderstand it. 

But materialists insist so much on the identity of 
brain-physiology with psychology, that even at the risk 
of tediousness we will multiply illnstrstiona in order, if 
possible, to make this point still clearer. Suppose, then, 
we exposed the brain of a living man in a state of intense 
activity. Suppose, further, that our senses were abso- 
lutely perfect, so that we could see every change, of 
whatever sort, taking place in the brain-substance. 
What would we see ? Obviously nothing but molecular 
obaDges, physical and chemical; for to the outside ob- 
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server there is absolutely nothing else there to see. But 
the sabject of this experiment sees nothing of all this. 
His experiences are of a different order, viz., conscionaness, 
thought, emotioaB, etc. Viewed from the outside, there is 
— there can be — nothing hnt motions; viewed from the 
inside, nothing bat thought, etc. — from the one side, only 
physical phenomena; from the other side, only pspcftical 
phenomena. Is it not plain that, from the very nature of 
the case, it mast ever be so F Certain vibrations of brain 
moleonles, oertsin oxidatioDS with the formatioD of car- 
bonic acid, water, and urea on the one side, and there 
appear on the other sensations, consolonsness, thonghts, 
desires, volitions. There are, as it were, two sheets of 
blotting-paper pasted together. The one is the brain, 
the other the mind. Certain ink-scratches or blotches, 
utterly meaninglesa on the one, soak through and appear 
on the other as intelligible writing, bat bow we know 
not, and can never hope to gness. Bat when the paste 
dissolves, skall the writing remain? We shall see. 

Bat some will object. There is nothing specially 
strange and nnique in all this, for the same mystery un- 
derlies the essential nature of all kinds of force and 
matter, and therefore all phenomena. True enough, 
hat with this difference. Physical and chemical forces 
and phenomena are indeed incomprehensible in their es- 
sential nature ; but once accept their existence, and all 
their different forms are mntnally convertible, constroa- 
ble in terms of each other and all in terms of motion. 
Bat it is impossible by any stretch of the imagination 
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to thna constnie mental forces and mental phenomena. 
It may, indeed,, be impossible to conceive how came the 
plane of material existence, bnt, standing on that plane, 
all phenomena fall into intelhgible order. Bat there 
is another plane above this one, having no intelligible 
relation with it. We most climb ap and stand on this 
before its phenomena fall into intelligible order. In 
a word, material forces and phenomena are, indeed, ^ 
mystery, bnt only of the jirst order. Bat mental and 
moral forces and phenomena are a mystery even from the 
standpoint of the other, and are therefore a mystery of 
the second order — a mystery within a mystery. 

We repeat, then, with additional emphaais after this 
examination, that we can not imagine between physica] 
and psychical phenomena a relation of canse and effect 
tfl the satne sense in which we ose these terms in physi* 
cal science, althongh in some sense there is doubtless 
BQch a relation. If man were the only animal we had 
to deal with, there wonld be no standing gronnd left for 
materialism. But there is still another difBcnlty which 
sticks deeper. It is that snggested by the late of evolu- 
tion and enforced by the comparative method. 

Balation of Uan to Aoimals. — Man, we say, is en- 
dowed with, is, in fact, an immortal spirit. What is 
spirit ? We know things only by their phenomena ; 
what ore the phenomena of spirit P Oonscionsness, will, 
intelligence, memory, love, hate, fear, desire — surely 
these are some of them. Bat has not a dog or a monkey 
^1 these ? Pressed with this difficnlty, some have in- 
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deed felt compelled to accord immortal epirib to higher 
animals. But we can not atop here. It to these, then 
also to all aoimala ; for we hare here only a sliding scale 
without break. Can we stop now and make it coexten- 
eire with sentienoy ? No ; for the lowest animals and 
lowest plants merge into each other so completely that 
no one can draw the line between them with certainty. 
We must extend it to plants also. Shall we stop here 
and make immortal spirit coextensive with life ? We 
can not ; for life-force is certainly correlated with, trans- 
mutable into, and derivable from, physical and chemical 
forces. We mast extend it into dead natnre also. 
Therefore, everything is immortal or none. Our boasted 
immortality by continued extension becomes thinner and 
thinner until it evaporates into thin air. It becomes 
naught else than conservation of energy, and not, as we 
had hoped, conservation of self-conscioua personality. 
This may be interesting as a soientiSo fact ; but of what 
value to us personally is a continned existence of our 
spiritual forces as heat, light, electricity, or any other 
form of unconscious force? Thus, then, if once we pass 
the gap between man and the higher animals, there is no 
possibility of a stopping-place anywhere. 

Such is the difficulty presented by comparlEon in the 
iaxonomic series. Take now the embryonic series. Each 
one of ue, individaally, was formed gradually by a pro- 
' cess of evolution, from a microscopic spherule of proto- 
plasm undistinguishable in structure from the lowest 
forms of protozoal life. Now, in this gradual process of 
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erolation, where did immortal spirit come inP Was 
it in the germ-cell ? Then why deny it to the proto- 
zoan? Was it at the quickening, or at the birth, or at 
the moment of first self-conscionsness, or at some Iat«r 
period of capacity of abstract thought? Again, when 
it did come in, was it something superadded or did it 
grow out of something already existing in the embryo 
or the infant? 

Or take the evolution aeries from protozoan to man. 
This we hare already seen is similar in outline to the 
other two. Now, in the gradual evolution of the animal 
kingdom throughout all geological time, tfirminating in 
man, when did immortal spirit come in? Did it enter 
with life, or with sentient life, or somewhere in the 
ascending scale of animals, or with the advent of man ? 
If with mim, was it some new thing added at once out 
of hand, or did it grow out of something already exist- 
ing in animals ? 

This last, we are persuaded, is the only tenable view — 
the only view that can eSeot that reconciliation between 
the two extreme, mutually excluding views now nsnally 
held, whiob, as already seen, is the true test of a rational 
philosophy. I believe that the spirit of man was devel- 
oped out of the anima or couBCious principle of animals, 
and that this, again, was developed out of the lower forms 
of life-force, and this in its tnrn out of the chemical and 
physical forces of Nature ; and that at a certain stage in 
this gradual development, viz., with man, it ocguiredthQ 
property of immortality precisely as it now, in the indi- 
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vidnal history of each man at a certain stage, acqaires 
the capacity of abstract thought. This ia, in brief, the 
view which I wish to enforce. The reader most onder- 
Btand, however, that this is my own view only, a view for 
which I have earnestly contended for twenty years. It 
appeals, therefore, nob to authority, but only to reason. 
I wish now to present it as briefly as possible. 

Firsts then, I wonld draw attention to the fact that 
there is nothing wholly exceptional in sach transforma- 
tion with the sadden appearance of new powers and 
properties ; bnt, on the contrary, it is in accordance with 
many analogies in the lower forces, and therefore a 
priori not only credible but probable. For example, 
force and matter may be said to exist now on several 
distinct planes raised one above another. There is a sort 
of taxoDomic scale of force and matter. These are, 1, 
the plane of elements ; 2, the plane of chemical com- 
ponnds ; 3, the plane of vegetal life ; 4, the plane of 
animal life ; and 5, the plane of rational and, as we hope, 
immortal life. Each plane has its own appropriate force 
and distinctive phenomena. On the Srst operates physi- 
cal forces, producing physical phenomena only — for 
the operation of chemical affinity immediately raises mai- 
, ter to the next plane. On the second plane operates, in 
addition to physical, also chemical forces, producing all 
those changes by action and reaction, the stndy of which 
constitutes the science of chemistry. On the third plane, 
in addition to the two preceding forces, with their char- 
acteristic phenomena, operates also life-force, produc- 
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ing the didtinctlTe phenomena characteristic of liring 
things. On the fourth plane, in addition to all lower 
forces and their phenomena, operates also a higher form 
of life-force characteristio of animals, producing the phe- 
nomena oharscteriatio of sentient life, such as sensation, 
conscionsness, and wiU. On the fifth plane, in addition 
to all the preceding forces and phenomena, we have also 
the forces and phenomena characteristic of rational and 
moral life. 

Now, although there are doubtless great differences of 
level on each of these planes, yet there is a very distinct 
break between each. Although there are various degrees 
of the force characteristic of each, yet the difference be- 
tween the characteristic forces is one of kind as well as of 
degree. Although energy by transmntation may take all 
these different forms, and thus does now circulate up and 
down through all these planes, yet th^ passage from one 
plane upward to another is not a gradual passage by slid- 
ing scale, but at one bound. When the necessary condi- 
tions are present, a new and higher form of force at ouoe 
appears, like, a birth into a higher sphere. For example, 
when hydrogen and oxygen are brought together under 
proper conditions, water is bom — a new thing with new 
and wholly unexpected properties and powers, entirely 
different from those of its components. When 00„ H,0, 
and NH, are brought together under suitable conditions, 
viz., in the green leaves of plants, in the presence of sun- 
light, living protoplasm is then and there bom, a some- 
thing having entirely new and unexpected powers and 



UigniaOb, Google 



% 



816 EVOLUTION AND KELIGIOtTS THOtTGHT. 

properties. It is no gradual process bat sadden, like birth 
into a higher sphere. 
t Now, there is not the least doabt that the same is tme 
of the order and manner of the first appearance of the 
natural forces in the phylogenic series. In the history of 
the erolntion of the cosmos, the forces of Nature have 
appeared aucceasiYely and suddenly vben conditions be- 
came favorable. There was a time in the history of the 
earth when only physical forces existed, chemical affinity 
' being held in abeyance by the intensity of the heat.* By 
gradual cooling, chemical affinity at a certain stage came 
into being — was bom, a new form of force, with new and 
peculiar phenomena, though doubtless derived from the 
preceding. Ages upon ages passed sway until the time 
was ripe and conditions were favorable, and life appeared 
— a new and higher form of force, producing a still more 
peculiar group of phenomena, but still, aa I believe, de- 
rived from the preceding. Ages upon ages again passed 
away, daring which this life-force took on higher and 
higher forms — in the highest foreshadowing and simu- 
lating reason itself — until finally, when the time was 
fully ripe and conditions were exceptionally favorable, 
spirit, setf-coQScioas, self -determining, rational, and mor- 
al, appeared — a new and still higher form of force, bat 
still, as I am persuaded, derived fiom the preceding. 

Now, that these forces are really of derivative origin is 
proved by the fact that we see every step of this process 

* All cbemical comiKiunds arc diaeodated by BuCSdent heat. 
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taking place daily under our very eyes. I pasa over the 
conversion of physical into chemical force becauBe this is 
admitted on all hands. I begin, therefore, with vital 
force. Sunlight falling on green leaves disappears as light 
and reappears as life — is consomed in doing the votk of 
decomposing CO,, H,0, and NH„ and the C, H, 0, and 
N thus set free from previona combination unite to form 
living protoplasm.* Again, in the embryonic history of 
every animal ve see the next change take place — i. e., the 
emergence of the psychic out of the vital. In the germ- 
cell, in the egg, and even in the early stages of the em- 
bryo, there is no distinctive aoimal life — L e., no con* 
sciousnesa, nor volition, nor response of any kind to 
stimulus. At a certain stage distinctive animal or psy- 
chic life appears. We call it quickening. Materials for 
psychology are now present for the first time. In man 
alone, and that only some time after physical birth, we 
see the last change. The new-born child has animal life 
only. The emergence of self-conacionsness — a change so 
wonderful that it may well be called the birth of spirit — 
takes place only at the age of two to three years. Kow 
for the first time we have phenomena distinctive of hu- 
manity. 

Bnt some will ask, " How is this consistent with im- 
mortality?" In answer, let me again remind the reader 

* The origin of vital from cbemical force in the green leaves of 
plants oon not be doubted ; but this does not, of oonrae, explain tbe 
roysterj of tbe Jlnt origin of lift on the earth, for one condition of the 
diange now ia the contatt of living matttr. 
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that with flverj new form of force, with every new birth 
of the nniversal energy into a higher plane, there appear 
new, nnexpected, and, previous to experience, wholly un- 
imaginable properties and powers. This last birth is of 
course no exception. Why may not immortality be one 
of these new properties? But this point is so important 

^ that we muBt treat it more fully. 

- — Bemember, then, the view of the reladon of Qoti to 
Nature, already explained. Bemember that the forces of 
Nature are naught else than diCFerent forms of the one 
omnipresent Divine energy. Bemember that, as jnst 
shown, this Divine omnipresent energy has taken on sno- 
cessively higher and higher forms in the conne of ooemio 
time. Now this upward movement has been wholly by 
iftcreating individuation, not only of matter, but also 
of force. This universal Divine energy, in a generalized 
condition, unindividuated, diSused, pervading all Na- 
ture, is what we call physical and chemical force. The 
same energy in higher form, individuating matter, and 
itself individuated, but only yet very imperfectly, is what 
we call the life-force * of plants. The same energy, more 

* I know It is the fashion to ridicnle tlie nse of tbe tenna vitality, 
vital force, as a cemaant of an old snpenitition ; and yet tha same men 
wbo do BO use the terma gravity, elecUietty, ohemitml force, etc. Vital 
force li Indeed corrtlaled with other forces of Nature, but ia none tlia 
less a dbitincl form of force, far more distinct than any other unless it 
be the still higher form of psychical, and therefore it better deserves a 
distinct nsme than any lower form. Each (orm of force gives rise to a 
peculiar group of phenomena, and the study of these to a special depart- , 
ment of science. Now, the f^up of phenomena called vital ia more 
peculiar, more different from other groops than these are from each 
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foUj iDdividn&ting matter and itself more fully indrndn- 
ated, but Dot oomplet«Ij, ve call the anima of aoimals. 
This anima, or animal sonl, as time went on, was indi- 
viduated more and more until it resembled and foreshad- 
owed the spirit of man. Finally, still the same energy, 
completely individuated as a separate entity and therefore 
self-conscious, capable of separate existence and therefore 
immortal, we call the spirit of man. 

According to this view, the vital principle of plauts 
and the anima of animals are but different stages of the 
development of spirit in the womb of Kature : in man at 
last it came to birth. In plants and animals it was in 
deep embryo sleep — in the latter, quickened, indeed, bat 
not viable — still nnoonscions of self, incapable of inde- 
pendent life, with physical, ambilical connection with 
Nature ; but now at last in man, separated from Nature, 
capable of independent life, bom into a new and higher 
plane of existence. Sqiarated, but not wholly : Nature is 
no longer gesiative mother, but still nursing mother of 
spirit As the organic embryo at birth reaches independ- 
ent material or temporal life, even so spirit emiryo by 
birth attains independent spiritual or eternal life. 

Although birth is its truest correspondence and best 
Ulustration, yet we may vary the illustration in many 

other, ftDd tbe fdenoe of phTslolog; ti & mom diatiaot department tlian 
either phfSiES or chemistry, ind therefore the form of force, vhich de- 
termines these plieeonieiia. is more dis^nct and better euUUed to & oama 
tluu) mi; physical or chem[cal force. 
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1. Nature may be likened to a level water-sarface. 
This represents unindiriduated physical and chemical 
force. On this surface some individuating force pulls up 
a portion of the vater into a commencing drop. This 
represents the condition of spirit in plants. Or by greater 
force the surface may be lifted higher into a nipple-like 
eminence simulating a drop, or even into an almost com- 
plete drop, with only a neck-like connection with the 
general surface. This represents the condition of spirits 
in the higher animals. In all these cases, even tbongh 
the drop he nearly completed, if we remove the individu- 
ating or lifting force, the commencing drop is immedi- 
ately drawn back by cohesion and refunded into the 
general watery surface. But, once complete the drop, and 
there is no longer any tendency to revert, even though the 
lifting force is removed. This represents the condition 
of spirit in man. 

Z. Or Nature may, again, be likened to a water-anrface 
beneath which the anima of animals ia deeply and tran- 
quilly submerged, wholly unknowing of any higher, freer 
world above. In man spirit emerges above the surface 
into a higher world, looks down on Nature beneath bim, 
around on other emerged spirits about him, and up- 
ward to the Father of all spirita above him. Emerged, 
but not wholly free — ^head above, but not yet foot-looae. 

3. Or, again : As a planet must break away from 
physical, cohesive connection with tbe central sun (planet- 
birth) in order to enter into higher gravitative relations, 
which thenceforward determine ail its movements in 
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beautiful harmony ; as the embryo must break away from 
physical umbilical connection with the mother in order 
to enter into higher apiritaal bonds of love, which 
thenceforward determine all their mutual relations — even 
BO Spirit must break away from physical and material 
connection with the forces of Nature, which are bnt the 
omnipresent Divine energy, in order thereby to enter 
into higher relations of filial love to God and brotherly 
love to man. 

4. As the new-bom child differs little in grade of 
physical oi^auizatlon from the mature but unborn em- 
bryo, but at the moment of birth there is a sudden and 
complete change, not bo much in the grade of organiza- 
tion but in the whole plane of existence — a change abso- 
lutely necessary for further advance, for another cycle of 
life ; even so at the moment of the origin of man, howso- 
ever this may have been accomplished, there may have 
been no great change in the grade of psychical structure, 
but yet a complete change in the plane of psychical life 
— a change absolutely necessary for further advance, for 
another cycle of evolution. In both cases there is a sud- 
den entrance into a new world, the sudden appearance of 
a new creature with entirely different capacities — a paas- 
j ing out of an old world, a waking up in a new and 
higher. According to this view, man alone is a child of 
Ood, capable of separate apirit-life— separate but not yet 
wholly independent of Nature, As already said. Nature 
is no longer gestative mother, but still nursing mother of 
spirit — we are weaned only by death. 
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5. Or, again : As ia passing up tlis organic scale, we 
find all grades of completeness ot organic individnality, 
an inoreaaing indiTidoation of bodily form which com- 
pletes itself as a perfect organic individaal only in the 
higher animals, so, also, in passing np the dynamic scale, 
force or energy is individaated more and more nntil 
the process reaches completeness as a spirit-indiTidnal or 
dynamic individoal — a person only in man. Organic 
individoality completes itself in animals. Psychic indi> 
viduality only in man. 

6. One more illustration and the last. The animal 
body may be likened to an exquisitely adjusted instra- 
ment of commnnication between two worlds — the ma- 
terial world without and the spiritual world within. 
The key-boards of this marvelous instrument are the 
nerre-terminals of the sense-organs in contact with the 
material world, and the brain-cells in tonoh with the 
spirit-world. External Nature plays on the one by 

' sensation and determines changes in spirit. Spirit plays 
on the other by will and mnsoular contraction, and de- 
termines changes in external Nature. Now, in animals 
spirit is fast asleep or at most dreaming, or even perhaps 
somnambnlistic, but at least nnconscions of «e//, and acts 
only by stimnlns — only responds in some sense antomst- 
ically as sleepers do. In man spirit is wide awake and 
may respond automatically like animals, or may choose 
not to respond at all. Moreover, it acts freely in its own 
domain — ^the world of ideas — without external stiMuliu; 
or of its own free-will may initiate changes in the ez* 
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temal world. With God all phenomena commence at 
the spirit-end. In animaU all commence at the maiier- 
end, and by antomatic response terminate in the eame. 
Man alone lives in both worlds, partakes of both natures, 
and acts according to either method. 

The more we reflect on this snbjeot, the more we 
ehall be convinced that completed spirit individuality 
explain^ as nothing else can, all that is characteristic 
of man. It is this which constitutes person, or the 
self-acting ego. It is this which constitutes self-con* 
scionsness, free-will, and moral responsibility. And out 
of these, again, grows the recognition of relations to 
other moral beings and to God, and therefore ethics and 
religion. Out of these, also, grows the capacity of indefi- 
nite voluntary progress. This also means separate life, 
spirit-viability, or immortality. Self-consciouBneBS espe- 
cially seems to me the simplest sign of separate entity or 
spirit-individuality, and its appearance among psychical 
phenomena the very act of spirit-birth. We may im- 
agine man to have emerged ever so gradually from 
animals: in this gradual development the moment he 
became conscious of self, the moment he turned his 
thoughts inward in wonder npon himself and on the 
mjHtery of bis existence as separate from Nature, that 
moment marks the birth of humanity ont of animality. 
All else characteristic of man followed as a necessary 
consequence. I am quite sure that, if any animal, say a 
dog or a monkey, oonld be educated up to the point of 
BeU'Consoiousness (which, however, I am sure is impos- 
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Bible), that moment he (no longer t^) would become a 
moral responsible being, and all else characteristic of 
moral beings vould follow. At that . moment vonld 
come personality, immortality, capacity of voluntary 
progress ; and science, philosophy, religion, would quick- 
ly follow. 

We have emphasized Belf-conscionsness as the most 
fundamental sign of spirit-individuality ; but a difference 
of exactly the same kind is found running through the 
whole gamut of human faculties aa compared with corre- 
sponding faculties In animals. As animal consciousness 
is related to human self-cousciousnesa, so exactly is ani- 
mal will to human free-will, animal intelligence to hu- 
man reason, animal sign-language to rational grammati- 
cal speech of man, constructive art of animals to true ra- 
tional progressive art of man. In every one of these the 
resemblance is great, but the difference is immense, and 
not only in degree but also in kind. In every case it ia 
like shadow and substance, promise and fulfillment, or, 
still better, it is like embryo and child. The change 
from one to the other is like to a birth into a higher 
sphere, the beginning of another cycle of evolution. We 
would like to follow this idea out in detail, but it would 
lead us beyond the scope of this work. Those who desire 
to do so we would refer to an article by the author on the 
" Psychical Relation of Man to Animals." * 

But it will be objected that there are other births 

* "Princeton Keviow" for May, I8S1. 
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of etiergy from lower to higher condition; but anch 
births do not insure continued existence in the higher 
condition. In the gradual evolution of energy described 
on page 316, when a portion rises from physical to 
chemical, from chemical to vital, or from vital to sen- 
tient, it does not remain ever after in the higher con- 
dition — there is no immortality on the higher plane. 
On the contrary, all these lower forms of energy are 
continually ascending and descending; transformation 
is downward as well as upward. Why should there be 
on exception in this last birth? In these successive 
upward metamorphoaes of energy why should the last 
only be permanent? I answer: Because it reaches at 
last its final goal, viz., complete individuation, as free, 
self-acting spirit; it reaches again the spiritnal plane 
from which it sprang, and becomes thereby a partaker 
of the Divine nature ; because it comes at last into moral 
relations with the absolute — the Divine — and therefore 
above the plane of shifting changes. If the scale of 
energy be likened to a ladder with many rounds, reaching 
from the plane of matter to the plane of spirit, then so 
long as energy is on the ladder it ascends and descends ; 
hut, once it reaches the plane of free spirit, it is in a 
wholly new world in which eternal ascent ia the law. 

Perhaps I can best bring out the reasonableness of 
my view by comparing it with other possible alternative 
views. 

There are three possible views as to the nature, the 
origin, and the destiny of the human spirit : (1.) That it 
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pre-existed alwajs — uncreated, underived, eternal, fcolii 
vaya — backward ae well as forward. Therefore, as it 
never began, so it will never end. It is immortal of its 
f own right. Thia is subatantially the view of Plato, o( 
Leibnitz, and perhaps some otter philosophers. (2.) 
That it is derived from God directly — created at once 
without natural process ; that at the moment of creation 
of the first man Adam, and at some unknown time and 
in some inscrutable way in the hiatory of each individ* 
ual, it WBB injected into the body from the outside, and 
at the same time endowed with immortality. Thia, I 
take it, is the orthodox view. (3.) That it was indeed 
derived from Ood, but not directly ; created indeed, but 
only by natural process of evolution ; that it indeed pre- 
existed, but only as embryo in the womb of Nature, 
slowly developing through all geological times, and finally 
coming to birth as living soul in man. Thus it attains 
immortality at a certain stage of development, viz., at 
spirit-birth. This is the view I have striven to enforce. 

I hold np these three views: Which is the more 
rational ? The view of Plato— that of self -existent, un- 
created, eternal spirit — I think few will entertain at this 
time of the world's day. The usual orthodox view I 
have shown is surrounded with insuperable difficulties ; 
is wholly nnscientiSc and irrational. What is there left 
but the view presented above ? Plato is right in asserting 
pre- existence, but wrong in denying creation. The usual 
view is right in asserting creation, but wrong in denying 
natural process. The view I have presented asserts prc- 
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ezutenoe in embryo and creation by natural process. It 
therefore combines and reconcUes the two extreme views, 
and is more rational than either. . 

Some General Goncloatoas.— There are still two or 
three thoughts so closely connected with what we have 
already said that we can not pass them over : 

1. We hare seen that every mental state corresponds 
with a particular brain state, and every mental change 
with a brain change. We have, therefore, here, two 
series, physical and psychical, corresponding with each 
other, term for term. For every change in the one there 
is a corresponding change in the other, both in kind and 
amount. Kow, is not this the test of the relation of 
cause and effect? It certainly is. Yes, there must be 
a causal relation here, even though we are not able to 
understand the nature of the causal nexus. But which 
is cause and which effect ? If the view above presented 
be correct, then in animals brai7i changes are in all cases 
the caaae of psychical phenomena. In man alone, and 
only in his higher activities, psychic changes precede 
ftud determine brain changes. In man alone brain 
changes are determined not only by external but by 
internal impressions. Man alone perceives not only ob- 
jects — jnaterial things — ^bnt also relations and properties 
abstracted from the objects, i. e., ideal things; and, 
moreover, not only relations between objects, but also 
relations between relations or ideas. In man alone 
there is an inner world — microcosm — the things of 
which are thoughts, ideas, etc. This self-acting power 
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of spirit on the things of itself, instead of merelj re- 
acting as played opon by external nature, is charac- 
teristic of man, and is a necessary resalt and a sign 
of BeTerance, partial at least, of physical bond with 
iNatore. 

3. Again, I have nsed the term vital principle. I 
mnst justify it I know full well that it is the fashion 
to ridicnJe the term as a remnant of an old superstition 
which regards vital force as a sort of supernatural entity 
unrelated to other forces of Natnre. No one has striven 
more earnestly than myself to establish the correlation of 
vital with physical and chemical forces;* and yet, if the 
view above presented be true, there is a kind of justifica- 
tion even for the term vital principle — much more, vital 
force. There is a kind of reason and true insight in the 
personiflcatioQ of the forces of Nature, and especially of 
vital force. All forces, by progressive dynamic indi- 
viduation, are on the way teward entity or personality, but 
fully attain that condition only in man. 

3. Again, to perceive relatione and properties ab- 
stracted from material things, to form abstract or general 
ideas, to form not only percepts but also concepts, is ad- 
mitted te be a characteristic of man — a characteristic on 
which all our science and philosophy rest Prom time 
immemorial the vexed question has been debated, " Have 
snch abstract or general ideas any real existence, or are 
they mere names of figments of the mind?" This is 
the famous question of realism and nominalism. Now, 
• " Popular Science Uontlily," Deoembcr, 18T8. 
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if oar Yiew be correct, then there is one most funda- 
mental abstraction, riz., self^ which is indeed a reality- 
Self -consciousness is the direct recognition of the one 
reality, spirit, of which all others are the sign and 
shadow — the true reality which underlies and givea po- 
tency to all abstractions or ideas. Do we not find in this 
view, then, the foundation of a true realism, or rather a 
complete reconciliation of realism and nominalism? 

4. Thus, then, Nature, through the whole geological 
history of the earth, was gestative mother of spirit, 
which, after its long embryonic development, came to 
birth and independent life and immortality in man. Is 
there any conceivable meaning in Kature without this 
consummation? All evolution has its beginning, its 
course, its end. Without spirit-immortality this beauti- 
ful cosmos, which has been developing into increasing 
beauty for so many millions of years, when its evolution 
has run its course and all is over, would be precisely as if 
it had never been — an idle dream, an idiot tale signifying 
nothing, I repeat: Without spirit-immortality the cos- 
mos has no meaning. Now mark : It is equally evident 
that, without this gestative method of creation of spirit, 
the whole geological history of the earth previous to man 
would have no meaning. If man's spirit were made at 
once out of hand, why all this elaborate preparation by 
evolution of the organic kingdom? The whole evolution 
of the cosmos through infinite time is a gestative process 
for the birth of spirit — a divine method of the creation of 
spirits. „^ 
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Thus, again, maa is born of Xatore into a higher ii»> 
tare. He therefore alone is posseesed of two natures — a 
lower, in common with animals, and a higher, peculiar 
to himself. The whole misaioti and life-wark of man is 
the progressire and finally the complete dominuioe, both 
in the individual and in the race, of the higher over the 
lower. The whole meaning of sin is the hnmiliating 
bondage of the higher to the lower. As the material 
evolution of Nature found its goal, its completion, and 
its Bignificance in man, so mnst man enter immediately 
upon a higher spiritual evolutton to find its goal and 
completion and its significance in the ideal man — ^the 
Divine man. As spirit, nnconsoioua in the womb of Ka- 
tnre, continned to develop bj necessary law until it came 
to birth and independent life in man, bo the new-bom 
Sfnrit (A maa, both in the individual and in the race, 
mnst ever strive by freer law to attain, throngh a newer 
birth, onto a higher life. 
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THE RELATION 09 GOD TO MAN. 

Is the two precedJDg obapters we have disoossed the 
relation of God to Nature and of man to Natore. There 
is Btill another relation, if possible, of still more Yital im- 
portance to ns, viz., the relation of 6od to man. Thia, 
of oonrse, introdnces the question of revelation — a anb- 
' ject which I approach with some relnctance. I feel I am 
treading on holy ground, and mnat do bo with shoes re- 
moved. If it be oaked. How is evolution concerned 
with the subject of revelation ? I answer Evolution 
emphasizes and enforces the reign of law taught hj all 
science, and makes it at last universal. Many conclude, 
therefore, that, if evolution be true, a belief in the possi- 
bility of any form of revelation is irrationaL I do not 
think this follows, and I will give my reasons. I do so, 
however, very briefly, because we are not yet ready to 
formulate our views except in the most general way. 
- If man be indeed something more than a higher spe- 
cies of animal ; if man's spirit be indeed a spark of Di- 
vine energy individuated to the point of self-conscioas- 
OCBS and recognition of his relation to God ; M spirit- 
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embryo, developing in the womb of Nature through all 
geological time, came to birth and independent spirit-life 
in man, and thns man uloQe ie a cAild of God as well as a 
product of Nature — if all this be true, then it is evident 
that this wholly new relation requires also a wholly differ- 
ent mode of Divine operation. If God operates on 
Nature only by regular processes, which we call natural 
laws, then he must operate on spirit in a different and 
a more direct way, and this we call revelation. If to the 
Btadent of Nature it is inconceivable that He shonld 
operate on Nature except by natural laws {for this 
is the name we give to His chosen mode of operation 
there), then to the student of theology it is equally incon- 
ceivable, if our view of man be true, that He should not 
operate on spirit in some more direct and higher way, 
i. c, by revelation. 

But some will ask, Is not this a palpable violation of 
law P I think not. All divine operations are, must be, 
according to reason, i. e,, according to law. The opera- 
tion of the divine on the human spirit, i. e., revelation, ' 
must therefore he according to law, but a higher law 
than that which governs Nature, and, therefore, from the 
point of view of Nature, supernatural. There is nothing 
wholly unique in this. Life is a higher form of force 
than the physical and chemical. Life-phenomena are 
therefore super-physical, and if we confined the term 
Nature to dead Nature they would be supernatural. So 
the free, Belf-determined acts of spirit on spirit, even of 
the spirit of man on the ^irit of man, much more of the 
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Spirit of God on the spirit of man, may be according 
to law, and yet from the natural point of viev be snper- 
natoral. It is true that, in the complex of phenomena, 
material and spiritual inextricably woven together, 
vhich go to make up haman life, Science must ever 
strive to reduce as much as possible to material laws, for 
this is her domain, and she is boimd to extend it ; bnt, if 
oar view of man be tme, there will always remain a 
large residnnm of phenon[iena — a whole world of phe- 
nomena — which will never yield, because clearly beyond 
her domain. Standing on the lower material plane, these 
phenomena are wholly super-material, and therefore in- 
comprehensible from the material point of view. We 
must rise and stand on the higher plane before these also 
are reduced to law, but a higher law than that operating 
on the lower plane. If, therefore, science insists on ban- 
ishing the Bupematnral from the realm of Nature, the- 
ology may reasonably insist on its necesGity, in ihis sense, 
in the realm of morals and religion. 

'If, then, the direct inflaence of the Spirit of God 
on the spirit of man be what we call revelation, then 
there is evidently no other kind of revelation possible ; 
and, furthermore, snch revelation is given to all men in 
different degrees. It is given to all men as conscience ; 
in greater measure to all great and good men as clearer 
perception of righteousness ; in pre-eminent measure to 
Hebrew prophets and Christian apostles ; bnt supremely 
and perfectly to Jesas alone. But there is, and in the 
nature of things there can be, no text of truth but rea- 
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ton. We muat (earleasly, bat honeeUy and rererently, 
try all things, even revelstioiui, by this test. We mnet 
not regard, as so many do, the spirit of man as tiie pass- 
ive amannensia of the Spirit of God. Bevelations to man 
mnat of necessity partake of the imperfections of the 
medinm throagh which it cornea. As pnre vater from 
heaven, falling npon and filtering throngh eariih, mnst 
. gather imparities in ita coorae differing in amonnt and 
kind according to the eari;h, even so the pare divine 
tmtb, filtering throngh man's mind, most take imperfeo- 
tions oharaoteristio of the man and of the age. Snoh fil- 
trate mnst be redistilled in the alembic of reason to 
aeparato the divioe trath from the earthy imparities. 
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THB OBJECnON, THAT THB ABOTB VIEW lUPLIBS PAJT- 
THEISH, ANSWXBED. 

It will be obaeired that the views presented in the 
last three oh&pterB are closely connected with one another, 
and all conditioned on the " Belation of Ood to Katare," 
urged in Ohapter UI. Kow it will donbtless be objected 
to this Tiew, especially as applied in Ohapter IV on the 
" Relation of Man to 2fatnre," that it is nanght else than 
pore pantheism ; that it destroys completely the personal- 
ity of Deity, and with it all onr hopes of oommnnion 
with him, and all oar aspirations of Ioto and worship 
toward him ; that, according to this view, Qod becomes 
only the sonl or animating principle of Katare, operat- 
ing ererywhere bat anconscioasl; like the vital principle 
of an oi^aniem ; that the whole cosmoB becomes in fact a - 
great organism, developing under the operation of res%- 
dent force according to necMsary law, only that foa 
apotheosize this onmlpiosent force and call it God ; and 
finally, that Qod is nangbt else than an abstraction, 
created like other abstractions or general ideas wholly by 
the haman mind, and having no objective ezistenceb 
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Furthennore, it will be said, that according to this Tiew, 
' this omnipresent unconscionB energy individuatea itself 
by necessary law of evolution more and more antil it 
reaches, /or the first time in man, selt-oonsciousnesa and 
immortality, and thus that man himself is the only self- 
conscious immortal being in existence, and therefore the 
only being worthy of reyerenee and worship. Thus, this 
view leads to humanity- worship or rather to self-worship. 
I feel the full force of this objection. I answer it as 
follows : I freely admit that, following up this scientifio 
line of thought alone, we are carried strongly in the direc* 
tion of pantheism. But there is nothing strange or ex- 
ceptional in this. In all the deepest questions, dngle 
lines of thought inevitably carry us to extreme one-sided 
views. This seems to be the necessary result of the 
essentially two-fold nature of man, self-conscious spirit 
in a material body, the relation between which is, and 
mnet ever be, insomtable. On this account there is and 
must be a fundamental antithesis in human philosophy, 
i.e., twolines of thought, the material and spiritual, which 
lead to two apparently irreconcilable views.* "We have 
already seen that a rational philosophy, whenever we are 
able to reach such, is always found in a higher and more 
comprehensive view, whieh includes, combines, and reo- 
ODciies two one-sided, partial, and mutually excluding 
views. But spirit and matter, or mind and brain, or God 

* For s fuller Btstement of thU aotithesis, see a.a srCli^le by tbe authoi 
enUtled " EtoIuUoo in Relation to Materittlism," '■ Princeton Beview." 
forUvch, 1861. 
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and INatare, is the fundamental antitheBis which aDderlies- 
and is the cause of all other lesser antitheses. This anti- 
theaia, therefore, is abaolntely fundamental, and therefore 
forever irreconcilable. We must accept both sides, even 
thoQgh we can not clearly perceive the nature of their 
relation. We most be content with compromise where 
we can not eSect complete reconciliation. We mnet 
frankly acknowledge that the antagonism is apparent 
only, and the resnlt of the limitation of onr faculties, 
and believe that, if we conid only rise to a high enough 
point of view, like all other antitheses, this also would 
disappear in a rational philosophy. 

Kow, to apply theae principles. No one, we admit, 
can form a clear conception of how immanenceof Deity 
is oonstetent with personality, and yet we must accept 
both, because we are irresietibly led to each of these by 
different lines of thought. Science, following one line of 
thought, uncorrected by a wider philoaophy, is naturally 
led toward the one extreme of pantheistic immanence ; the 
devout worshiper, following the wants of his religious nar 
tare, is naturally led toward the other extreme of anthro- 
pomorphic personality. The only rational view is to 
accept both immanence and personality, even though we 
can not clearly reconcile them, i. e., immanence without 
pantheism, and personality without anthropomorphism. 
We have already seen in the third chapter, how follow- 
ing the scientiGc line of thought, we are logically driven 
to immanence. We wish now to show how, following an- 
other line of thought, we are as logically driven to per- 
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sonalitj. On this most difficult Bnbject, however, all wo 
are prepared to do is to tbrov oat some brief snggestions, 
in the hope that tbej may be carried oat more perfectly by 
some thoughtful reader ; scatter some seed-thonghte, in 
the hope that, fallinj haply oa good soil, they may spring 
up and bear more frnit than I have been able to prodace. 

1. In the gradual individuation of the tiaiversal Di- 
vine energy described in Chapter lY, there must of cooree 
be a corresponding growth of a kind of independent self- 
activity which reaches completeness in man, and in fact 
constitutes what we coll self-consciousnesB and free wilL 
The exact nature of the relation of Deity or of the gen- 
eral forces of Nature to this gradually individuated por- 
tion, I do not undertake to define. And how this idea of 
partial self-activity comports with the absoluteness of 
Deity we can not clearly understand. But this fact need 
not specially disturb us here ; for this is only one branch 
of the wider question of the moral agency of man in rela- 
tion to the absolute sovereignty of God, or the freedom 
of man in relation to necessary law in Ifature. 

2. Personality behind Nature. — We have already shown 
that, if the brain of a living, thinking man were exposed 
to the scrutiny of an outside observer with absolutely per- 
fect senses, all that he would or could possibly see would be 
molecular motions, physical and chemical. But the sub- 
ject himself, the thinking, self-oonsoions spirit, would ex- 
perience and observe by introspection only consciousness, 
thought, emotion, etc. On the outside, only physical phe- 
nomena; on the inside only psychical phenomena. Now, 



UigniaOb, Google 



OBJECTION AKSWERED. 339 

must not the same be neceasarily true of Nature also t 
Viewed from the outside by the scientific observer, noth- 
ing 13 aeon, nothing can be seen, there is nothing else to 
be seen, but motions, material phenomena; but behind 
these, on the other side, on the inside, mnat not there 
be in this case also psychical phenomena, conscione- 
ness, thought, will; in a word, personality t* In the 
only place where we do get behind physical phenomena, 
viz., in the brain, we find psychical phenomena. Are 
ve not justified, then, in concluding that in all cases 
the psychical hes behind the physical ? The hnman 
brain is a wonderfnl instroment, by means oJ^ which, in 
some inscrutable way, Tiz., in onr own experience, we do 
get behind, on the other side, on the inside of some mate- 
rial phenomena, and in bo far become partakers of the 
Divine natnre. But behind other phenomena of Nature 
we may never hope to penetrate either by observation or 
experience, but only in dim way by highest reason. Sci- 
ence, even in the case of the brain, can not pass from the 
one kind of phenomena to the other. If she would stady 
the inside she mast abandon the outside — she mast aban- 
don the microscope and take to introspection. If she 
would study the phenomena of the higher platform, she 
must leave the lower and climb np and stand on the 
higher. If this be true of the brain where the two kinds 
of phenomena are brought so dose together, how much 
more is it true of the phenomena of the cosmos. We 

* Johuitone Sfanwr, " Nature," voL xxzi, p. iS2. 
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can never hope, either by ohBerration or by experience, to 
pass beyond the veil. We must abandon the methods ot 
science and reach it, if at all, in some other way. Not the 
clear-Bighted but the pnre-hearted shall see Gcod in Nature. 
ThuB, then, we see that our own self-conacions person- 
ality behind brain phenomena compels ns to accept con- 
sciousness, will, thought, personality behind Nature. Now 
I assert that, once get this abstract idea in the mind, 
and by a necessary law of thought it gradually expands 
without limit, and eventuaUy reaches the form of infinite 
consciousness, will, thought, etc., and therefore of an in- 
finite person. This law of indefinite expansion may be 
illustrated by the ideas of space and time. The animal, 
and, indeed, the infant, naderstanda space and time only 
in their relation to itself, bat has not yet abstracted these 
from their contents. This comes only with the birth of 
self-conscious personality. But, so soon as the abstract 
idea of space is acquired, by a necessary law of mental 
activity it expands without limit, and finally becomes 
the idea of infinite space. Similarly, bo soon as the idea 
of time as abstracted from its contents ie conceived, it 
inevitably expanda without limit and grows into the 
idea of infinite time. So is it precisely with the idea of 
self-conscious personality. The animal or the very young 
child is indeed conscious of its body and of external 
objects in their mutual relations, but not of self, as ab- 
stracted from its contents. The animal never attains it, 
the child does. Now, so soon as this idea of self-con- 
scious personality — of a spiritual entity underlying mate- 
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rial phenomena — appears, by a necessary law of mental 
activity it expands without limit, and inevitably reaches 
the ides of an infinite self, an infinite person, God, be- 
hind the phenomena of Nature. ' 

Bnt aome will object that this idea of infinite person' 
ality is inconceivable. True enough ; but the opposite is 
far more iiwonceivabie. The ideas of infinite space and 
infinite time are also inconceivable, jet we must accept 
them, because the idea of all space or all time being lim- 
ited is still more inconceivable ; for if we think of space 
or time as limited, immediately there comes the ques- 
tion, "What is there beyond the limit?" There ia 
therefore this wide difference between these two in- 
coQceivables : the one is so only in the sense of tran- 
scending the power of our mind, but the other is un- 
thinkable, self-contradictory, absurd. So also is it with 
self-conscious personality. The idea of an infinite self, 
i. e., God, is indeed inconceivable, bnt only in the sense of 
transcending our power of comprehension ; but the idea 
of the consciousness behind the cosmos as being limited or^ 
finite is more than inconceivable, it is nnthinkable, self- ■ 
contradictory, absurd; for immediately comes the ques- 
tion, " What is there beyond which limits it ? " To the 
Qreek mind Zeus was limited ; therefore of necessity came 
also the idea of Fate, superior to and limiting Zens himself. 
To them, therefore, Pate was the real Ckid — the absolute. 

3. Divine Personality. — l have used the word person- 
ality as expressing the nature of God- But let me not be 
misunderstood. I well know we can not conceive clearly 
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of an infinite, anconditioned personality. Deeply consid- 
ered, it seems nothing short of a contradiction in terms. 
All I insist on is this : In oar Tiew of the nature of God, 
the choice is not between personality and something 
lower than personality, viz., an uncomcious force oper- 
ating Nature by necessity^ as the materiaUsts and panthe- 
ists would hare as believe ; bat between personality as we 
know it in ourselves and something inconceivably higher 
than personality. Language is so poor that we are 
obliged to represent even our mental phenomena by phys- 
ical images. How much more, then, the Divine nature 
by its human image [ Self-conscious personality is the 
highest thing we know or can conceive. We offer him 
the very best uid truest we have when we call him a 
Person ; even though we know that this, our best, falls 
tar short of the infinite reality. 

4. Cause In Nature. — We have thus far spoken only or 
principally of self-conaciousness, but the same precisely is 
tme of another essential attribute of personality, y\z.,free- 
loill Every one admits cansative force or forces operat- 
ing in Nature. Science has shown that all the different 
kinds of force are but different forma of one omnipresent 
energy. Now, looking abroad on Nature from the out- 
side, this omnipresent energy seems to modem science as 
simply resident, inherent in matter itself, and therefore 
as operating unconsciously and by necessity. Bat the 
qaestion occurs, " Whence did we get the idea of force, 
energy, causation f" I answer unhesitatingly; We get 
it not from without by observation of Nature, but from 
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vithin throngh consciouBiiesB ; not from the oatside Tiew, 
bat from the inside view of pbenoineiia. We can not 
conceive of phenomena vithoct force, of eSects without 
canse, because we are intensely conscious of being our- 
selves throngh oar wills an active canse of external phe- 
nomena. If we were merely passive observers, not ac- 
tive caosers of changes in the external world, then these 
external phenomena would seem to na merely to shift 
and change and sacceed each in a certain order. We 
might note the order and determine the laws of se- 
quence, and thus form a science ; bat it would never 
enter into our minds to imagine any causal or dynamical 
nexas between them. In the mind of such passive ob- 
server, bnt not doer — thinker, but not worker — would 
be completely realized the only thorough-going and con- 
sistent materialistic philosophy, i. e., a philosophy in 
which, like Comte'a, cause and force have no place — are 
in fact banished as a superstition from science. Bnt 
the clear consciousness of essential energy, of causative 
force within, the certainty that we ourselves, through 
oar wills and by the conscions exertion of force do de- 
termine changes in the external world, compels ns to 
attribute all changes to causative force of some kind, 
and naturally enough, until the interference of science, 
to a personal will like our own. Thus by a necessary 
law we project oar internal states into external Nature. 
But see now the steps of evolution of this idea. At 
first, i. e., in the nncultnred races, and also in childhood, 
external forces take the form of a personal will like ooi 
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own leddiDg in each object, and controlling its phenom- 
ena as oar wlUb control oar bodil; movements (feticli- 
iam). Then, as coltnre advances, it taken next the fona 
of several personal wills oontroUing each the phenom- 
ena of a different department of Nature (polytheism).. 
Finally, in the highest stage of onltnre, it takes the 
form of one personal will controlling the phenomena of 
the whole cosmos (monotheism). To the religions but 
nnscientific mind in all these stages the personal will is 
anthropomorphic. But we have already seen (Chapter 
III) how anthropomorphiam has been driven by science 
from one department after another, nntil now at last 
by evolntion it is driven ont of Nature entirely, and 
to tiiose following this line of thought alone, the phe- 
nomena of Nature are relegated to forces inherent in 
matter, and operating by laws necessary and fatal ; and 
not only so, hut material forces are made to invade 
even the realm of consciousness, and reduce this also to 
material laws. Thus the savage ojects bis own conscious 
personal will into every separate object of Nature ; the 
modem materialist injects material forces into the realm 
of consciousness. Bat, as already seen, a rational phi- 
losophy admits these two antithetic views, and strives to 
combine and reconcile them. This reconciliation, as far 
as it is possible for ns, is found in a personal will im- 
manent in Nature, and determining directly all its 
phenomena. 

Thus it is evident that the idea of a causal nexus 
between successive phenomena is a primary conception. 
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and therefore ineradicable and certain. Even from tfae 
purest evolntion point of view it niiist be true, for, if 
man's mind grew ont of the forces of Nature, this idea 
most Tepresent a fact in Nature. Also, analysis shows 
that alt causative force originates in totU. Lastly, cul- 
ture and reason, by a necessary law of expansion, car- 
ry ns npward to the conception of one infinite sus- 
taining and creatiTe wilL Science may sometimes ob- 
Boare but can not destroy this idea. ETolution, which 
was supposed by some to hare destroyed it for ever, has 
only temporarily obscured it in the minds of the unre- 
flecting, by the supposed identity of evolution with 
matenalism. From this temporary eclipse it now 
emerges with still greater clearness and far greater no- 
bleness. For, observe : All the effects known to us in 
Katnre are finite ; therefore a personal will, which deter- 
mines these separately by successive acts, as we do, must 
also be finite like ouTBelves. But a will, which by one 
eternal act ever-doing, never done, determines the evolu- 
tion and the sustentation of an infinite cosmos, must it- 
self be infinite. Thus only in the doctrine of universal 
evolntion do we rise to a jnst conception of God as an in- 
finite cause. 

5. Design in Nature. — As the idea of cause and force 
is related to loiU, so precisely is the idea of design related 
to thought. We get this also, not from without, but from 
within. Adaptation of means to ends is in our experi- 
ence the result of thonght, and we can not conceive it to 
result otherwise. The effect of science can not be to de- 
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stroy tbJB primary conception — which, indeed, like all pri- 
mary oonceptiona, is ineradicable, and already more ceriaJn 
than anything can be made by proof — but only to exalt and 
pnrifj our conceptions of the designer. For, observe : In 
any case of adaptive atraotore, whether in the animal body 
or in planetary relations, the evidence of design is not in 
the materials, bat in the lue of the materials ; not in the 
jHtrfs, bnt in the adf'uetment of the pari» for a pnrpose. 
Design, purpose, adjustment, adaptation, are not ma- 
terial things, bnt relations or intdlectnal things, and 
therefore perceiTable only by thonght, and conceivable 
only as the result of thonght. It is simply impossible 
to talk about snch adaptive structures without using lan- 
guage which implies design. The very word " adaptive " 
implies it. It is impossible even to think of such stmct- 
ures withont implicitly aasuming intelligence as the 
cause. It makes no particle of difference how the mate- 
rial originated, or whether it ever originated at all ; it 
matters not whether the adaptation was done at once out 
of hand, or whether by slow process of modification ; it 
matters not whether the adaptive modification was 
brought about by a process of natural selection, or by 
pressure of a physical environment ; whether without law 
or according to law. The removal of the result from man- 
like directness of separate action can not destroy the idea 
of design, bnt only modify oar conception of the Designer. 
What science, and especially evolution, destroys, there- 
fore, IB not the idea of design, bnt only our low anthropo- 
morphic notions of the mode of working of the Designer. 
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Preoiselj the aame change takes place here under the 
laflaence of ecience as has taken phice in all onr notions 
concerning God. The nncoltared savage sees a separate 
god in every object. Ab culture advances, his gods be- 
come fewer and nobler, until, in the most advanced 
^tes, man recognizes bnt one infinite God, the creator 
and anstainer of all. God is still in every phenomenon,' 
bnt no longer as a separate God, bat only as the sepa- 
rate manifeBtstion of the One. Thns cnltore takes away 
onr gods, bnt only to compel us to seek him in nobler 
forms nntil we reach the only tme God. Bnt, even after 
the conception of the one God is reached, how many 
seem to regard him as altogether saoh a one as onr- 
selves ; bnt soience shows us that his ways are not like 
our ways, nor his ends as our ends. Thn£ science, 
more than all other kinds of onltnre, amplifies while it 
infinitely ennobles and purifies oar conceptions of Deity. 

Agun, the same change takes place in onr sense of 
mj/stery. I suppose most people imagine that it is the 
special mission of scienoe to destroy all mystery. Many 
seem to think that superstition, or even religion, is in- 
sex>arably connected with ignorance and mystery, and all 
must disappear together before the light of scienoe. 
But not so. There is only a gradual progressive change 
— an evolntion in the form of mystery as well as in the 
form of religion. To the savage everything is a sepa- 
rate mystery. The function of science Is, indeed, to 
destroy these separate mysteries, by explaining them ; 
but, in doing so, it only reduces them to fewer and 
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grander myBteriea, and these again to still fewer and 
grander, until, in an ideally perfect science, all separate 
and partial mjsteries are swallowed np in the one all- 
embracing infinite mystery — the mystery of existence. 
There ia still mystery in each object, bat no longw a 
separate mystery— only a separate manifestation of the 
one OTerwbeiming mystery. 

* Or, again, and finally : The same change occnra in 
onr ideas of creatioti. At first every object is a sepuste 
creation — a manufaotore. With advancing science these 
separate, creative acts become fewer and nobler, outil 
now, at lost, in evolntion, all are emtu-aoed and swallowed 
Qp in one eternal act of creation— a never-ceasing pro- 
cession of the divine energy. Every object is still a 
creation, bat not a separate creation — only s separate 
manifestation of the one continaons creative act. 

Now, precisely the same change most take place in 
onr conception of design in Katare. To the nncnltnred 
there is a distinct and separate design in every separate 
work of Katnre. Bat, as science advances, all these 
distinct, separate, petty, man-like designs are merged 
into fewer and grander designs, until, finally, in evoln- 
tion at last, we reach the conception of the one infinite, 
sU-embracing design, stretching across infinite space, and 
3ontinniDg nnchanged through infinite time, which in- 
3lade3 and predetermines and absorbs every possible 
separate design. There is still design in everything, bat 
no longer a separate design — only a separate manilesta* 
tion of the one infinite design. 
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Thus, then, oar own self-coDSDiooBness and will and 
thought give rise, necessarily, to the conception of an 
infinite self-conscionsness, will, and thought — 1. e., G>od. 
The necessity to belieTe in self-oonsclone spirit hebind 
hodily phenomena compels ns to believe also in an infi- 
nite self-conacions Bpirit behind cosmic phenomena. 
Looking at the operations of this ever-active spirit, wheth- 
er in the one case or the other, frmti the outaide, it looks 
like nnconscioos energy inherent in matter itself, and 
therefore like necessity, or fat«. Bnt, looked at from the 
inside in the one case, the brain, we perceive only self- 
conscious, free activity of spirit. Therefore, we are com- 
pelled to acknowledge in the other case, the cosmos, also, 
the same source of all activity, the same cause of all phe- 
nomena. We are compelled to acknowledge an infinite 
immanent Deity behind phenomena, hot manifested to ns 
on the onteide as an all-pervasive energy. Bat some poi^ 
tion of this all-pervasive energy again individnates itself 
more and more, and therefore acquires more and more a 
kind of independent self-activity which reaches its com- 
pleteness in man as self -consciousness and free-will. We 
said, " a hind of independent self-activity." How this 
comports with the absoluteness of God we can not under- 
stand, any more than we can understand how it comports 
with invariable law in Nature. We simply accept them 
both as primary truths, even though we can never hope to 
reconcile them completely, because we can not understand 
the exact nature of the relation of spirit to matter. We 
can not look at the outside and the inside at the same 
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time. It we oonld nnderstuid the relation of psychical 
phenomena to brain-ohanges, then might we hope to 
understand far more perfectly than now the relation of 
Qod to Natare. Bat as in the one case, the brun, al- 
thoagh we can not nndeistand the nature of the relation, 
yet we are sure of the intimacy of the connection of the 
two series, psychical uid physical, term for term ; so in 
the other case, the cosmos, although we oan not nnder- 
stand the exact nature, we are sore of the intimacy of the 
connection, term for term — every material phenomenon 
and event with a coireeponding psychical phenomenon ag 
its cause. 
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CHAPTER VII. 

SOME LOGICAL CONSEQUENCES OF THE DOCTRINE OP 
THE DIVINE IMMANENCY. 

The doctrine of the Divine immanency carriea with 
it the solution of many vexed questions. Id ftict, in its 
light these qnestlonB simply pass out of view ae no longer 
having any significance. Several of these queetions have 
been alluded to in an indirect -way in the previous chap- 
ter and in Chapter III. We take them np distinctly here, 
and show their relation to evolution. 

Beligions thought, like all else, is subject to a law of 
evolution, and therefore passes through regular stages. 
Of these stages, three are very distinct and even strongly 
contrasted. They correspond in a general way to the 
three stages of Comte, which he has misnamed the Iheo- 
logical, the metaphysical, and the positive. We will illus- 
trate by many examples. 

I. Conception of God. 
This, the most fnndamental conception of all rehgion, 
has passed from a gross anthropomorphism to a true 
spiritual theism, and the change is largely due to science 
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and especially to the theory of evolution. There are 
three main stages in the history of this change: (1.) The 
first is a low anthTopomorphism. Grod is altogether such 
a one as onrselres, but larger and stronger. His action 
on Nature, like onr own, is direct; his will is wholly 
man-like, capricious and without law. (3.) The second is 1 
still anthropomorphism, but of a nobler sort. God is not 
allogeiher like ourselves. He is man-like; yes, but also 
Icing-hke. He is not present in Nature, but sits enthroned 
above Nature in solitary majesty. He acts on Nature, not 
directly but indirectly, tlirough physical forces and natu- 
ral laws. He is an absentee landlord governing bis es- 
tate by means of appointed agents, which are the natural 
forces and laws established in the beginning. He inter- 
feres personally and by direct action only occasionally, to . 
initiate Etomething new or to rectify something going 
wrong. This idea culminated and found the clearest ex- 
pression in the eighteenth century, and was the necessary 
result of the scientific ideas then prevalent, viz., ideas of 
pre-established siabilitg of cosmic order and fixedness of 
organic types. God was the great artificer, the great 
archiiect, working, as it were, on foreign material and 
conditioned by its nature. He . established all things as 
they are in the beginning, and they have continued ao 
ever since. 

This conception still lingers in the religious mind, and 
is in fact the prevailing one now. It is a great advance on 
the preceding, but, alas ! it removes God beyond the reach 
of our love. Ho is the architect of worlds, the artificer 
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of the eye, the sovereign ruler of the universe, but not 
our Father. We are his creatures, his subjects, but not his 
children. 

(3.) The third and last stage in this development is 
true spiritual theism. God is immanent, resident in Na- 
ture. Nature is the house of many mansions in which 
he ever dwells. The forces of Nature are different forms 
of his energy acting directly at all times and in all places. 
The laws of Nature are the modes of operation of the 
omnipresent Divine energy, invariable because he is per- 
fect. The objects of Nature are objectified, externalized 
— materialized states of Divine consciousness, or Divine 
thoughts objectified by the Divine will. In this view we 
return again to direct action, but in a nobler, a spiritual, 
Oodlike form. He is again brought very near to every 
one of us and restored to our love, for in him we live 
and move and have our being. In him all things consist, 
by him all things exist. This view has been held by noble 
men in all times, especially by the early Greek fathers, 
but is npw verified and well-nigh demonstrated by the 
theory of evolution. No other view is any longer tenable. 

The idea of God is of course the most fundamental of 
all religious ideas, and a change in this carries with it 
many other changes. Some of these necessary outcomes, 
especially the nature, the origin, and the destiny of the 
human spirit, and its relation to the Divine spirit, I have 
already treated in previous chapters. But there are others 
which flow BO directly and obvioasly that they may be 
presented in brief space. 
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II. Question of First and Seemtd Causes. 
Among the most obvious of these is the question of 
first and second cauBes. This distinction, I suppose, did 
not exist in early thought As a popular view, it was 
mainly due to the physical science of the eighteenth cent- 
ury. It was a necessary corollary of the idea of God as 
the great architect sitting outride of Nature and acting on 
Nature as on foreign material. According to this view, 
God is the original and primary cause of all things ; but he 
delegates his power to sec&ndary forces, such as gravity, 
heat, electricity, etc., which are therefore the immediate 
canses of phenomena. I believe that most persons hold 
this view stilL But it is now being displaced by the idea 
of Grod immanent or resident in Nature ae already ex- 
plained. This view is a complete idenlijkatiou of first 
and second causes. All causes are more modes of the 
first canse. They seem to ns secondary, necessary, and 
unconscious only because they act according to invariable 
law. But law itself is only the mode of operation of a 
perfect will. Thus we have the same three stages of evo- 
lution here also : (1.) First, all is first cause, direct, man- 
like, capricious, lawless. (3.) Then the first cause acte 
king-like, indirectly by many appointed agents subject 
to pre-enacted laws. These agents or secondary causes 
directly determine all natnrnl phenomena. (3.) Lastly, 
come the complete combination and reconciliation of 
these two. All is by first cause and direct action, like the 
first. All is by invariable law like the second, the law 
being only the mode of operation of a perfect wilL 
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III. Question 0/ Qeneral and Special Providetice. 

So also proTidence, general and special, is only aH' 
other phase of the same question and solved in the same 
way. At first all is special providence — ^the result of ca- 
price or favoritism and vrithont law. Then all or nearly 
^1 is general providence operating hy invariable law ; bat 
from time to time the general law is broken through for 
apeciol purposes when necessary. Is not this the prevail- 
ing view now P Lastly, these two must bo combined and 
reconciled in a third. All is alike general and special : 
general — i. e., according to law; special — i. e., by direct 
action. There is no real distinction between the two. 
The distinction vanishes in the light of a higher view. 

IV. The NatuTal and the Supernatural. 
In precisely the same category falls the question of the 
natural and the supernatural. The same three stages are 
evident here also, and the same solution : 1. First all ia 
supernatural and lawless, and Nature is viewed with 
stupid wonder and abject fear. 3. Then Nature is re- 
duced to mechauical laws and made subject to man. 
Wonder and fear give place to indifference and even per- 
haps to contempt. We practically live without God in 
the world. It requires, now, miracles or a violent break- 
ing through of law in order to startle ns out of our stu- 
pidity and awaken in us a sense of the Divine presence. 
3. But we must come lastly to a higher philosophy. We 
must recognize that all is natural and all is supernatural 
according as we view it, bat none more than another. 
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All is natural — i. e., according to law ; but all is super- 
natural — i. e., above Nature, as we usually regard Nature, 
for all is permeated with the immediate Dirine presence. 
Wonder in the contemplation of Nature returns, or rather 
exalted reverence and rational worship are given in place 
of Open-mouthed wonder and superstitious fear. Once 
clearly conceive the idea of God permeating Nature and 
determining directly all its phenomena according to law, 
and the distinction between the natural and the super- 
natural disappears from- view, and with it disappears also 
tlie necessity of miracles as we usually unileraiand mira' 
cles. In fact, the word aa we usually understand it has 
no longer any meaning. 

I must stop a moment to explain, lest I be misunder- 
stood ; aud to enforce, lest it be thoughVI spedJc lightly. 

Miracle, in the sense of violation of law, is simply im- 
possible, because law is the expression of the 'essential 
nature and perfection of God. It is as impossible for 
God to perform a miracle in this seuse as it is for him to 
lie, and for the same reason, viz., that it is contrary to 
his essential nature. In what sense, then, is a miracle 
possible? I answer, only as an occurrence or a phe- 
nomenon according to a law higJier &ian any we yet inow. 
If we define Nature as phenomena governed by physical 
and chemical laws and forces, then life becomes super- 
natural and miraculous — because higher than Nature as 
we define it. If we reduce the phenomena of life to law 
and include these also in our definition of Nature but 
limit it there, then the free, self-determined phenomena 
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of reason become BupemBturBl becaose above our defioi- 
tioQ of Xature. There may well be still other and higher 
modes of Divine activity, the law of which we do not and 
may never nnderetand. These are above onr present defi- 
nition of Nature, and therefore to ns supernatural or 
miracnlous. But, even if miracles in the ordinary sense 
wore poaeiblo, is it not evident that the ordinary processes 
of Nature are far more wonderful, more truly Godlike, 
thun any such miracle P 

V. Question of Design in Nature. 

So, again, the question of design or purpose or mind 
in Nature is similarly solved. It has been said, it is con- 
tinu^ly now being said, that evolution has destroyed for- 
ever the teleological view of Nature — i. e., the idea of 
design in Nature. Yes, if we mean the mac-like, cabinet- 
making, watch-making design of Faley and older writers 
— a separate petty design for each separate object. It has 
indeed destroyed this, but only to replace it by a far 
nobler conception — a truly Godlike design, a design em- 
bracing all spaoe and running through all time, including 
and absorbing all possible separate designs and prede- 
termining them by a universal law of evolution. 

Or the same question may be put in another way as 
" Mind vs. Mechanics in Nature." In the evolution of 
thought on this subject at first all was mind, but lawless, 
capricious, like our own. Then one department after 
another of Nature was reduced to mechanical, physical, 
necessary Jaw, until all have been or will be or oonoeiv- 
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ably may be thas reduced, and mind seemg driren oat of 
Katnre entirelj. The friends of religion in despair cry 
out for at least some small corner left for mind. Thus I 
find in recent nnmbers of an English scientific periodical, 
"Nature," a discussion concerning mind as one of the 
factors of eTolution.* Is it not amoBing, if it were not so 
sadF — Grod the Divine mind aa one of tlie factorg of evo- 
Intion ! The true solatioa is very simple. All is mind or 
none; so also all is mechanics or nona It ia all mind 
through t'lecfianics. It is all mechanicB from the out- 
side ; it is ^ mind from the inside. To science aJl is 
mechanics ; to theology all is mind. It ia the duty of 
philosophy to reconcile these two opposites by the higher 
view that mechanics is but the mode of operation of the 
Divine mind. There is only one form of evolution, viz., 
human progress, in which mind — but the human, not the 
Divine mind — is one of the factors of evolntion. But to 
think and speak thns of Ood in relation to Kature is to 
place him on the hnman plane. It is gross anthropomor- 
phism.! 

VI. Qtiestion of the Mode of Creation. 
I might multiply examples almost without limit, of 
questions the solution of which depends on this one of the 
relation of God to Nature. I give one more — Creation. 

• "Nature," vo\. xiiW, p. 886. 1888. 

f So, again, see a book recently pubUsbed (" Nalore," voL xliil, p. 
4<t0, 1891), entitled " Whence comeB ifan, From Nature or from God f " 
The onsirer is pla[n. From both — from God through Nature. Evolu- 
tiou ie the method of creation. 
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The creation of the nniyerse at once — in the begiD- / 
ning — ont of nothing — and then rest ever n'mca This ( 
old anthropomorphic idea ia now replaced hy that of con- 
tinuous creation — onhasting, unresting, by an eternal 
process of evolution. For if the aniyersal law of grari- 
tation is the Divine mode of snstentation of the universe, 
the no less universal law of evolution ia the Divine pro- 
cess of creation. 
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CHAPTER VIII. 

THE BELA.TION OF EVOLUTION TO THE IDEA OF THE 
CHRIST. 

What think ye of Christ? This is indeed in 
many waye a teat-question, and we onght frankly to 
meet it. I have feared heretofore to touch this ques- 
tion. I now only throw out some brief suggestions — 
scatter some seed-thongbta. Does Evolution have any- 
thing to say on this also? I think it does. This I pro- 
ceed to show: 

As organic evolution reached its goal and comple- 
tion in man, so human evolution must reach its goal and 
completion in the ideal man — i. e., the Christ. Accord- 
ing to this view, the Christ is the ideal man, and therefore 
— (mark the necessary implication) — and therefore the 
Divine man. We are all as men (as contradistinguished 
from brntes) — we are all, I say, scms of God ; the Christ 
is the well-beloved Son. We are all in the image of God ; 
he is the express and perfect imoffe. We are all par- 
takers in various degrees of the Divine nature ; in him 
the Divine nature is completely realized. It is not neces- 
sary that the ideal man — the Christ— should he perfect 
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ID knowledge or in power; on the contrary, he must 
grow in wisdom and in stature, like other men ; but he 
must be perfect in cJiaracter. Character u essential 
spirit. All else, even knowledge, is only environment for 
its culture. In the dazzling light of modem science we 
are apt to forget this. Character is the altitude of the 
human spirit toward the Divine Spirit If I should add 
anything to this definition, I would say it is spiritual 
altitude and spiritual energy. In the Christ, this attitude 
must be wholly right ; the harmony — the union with the 
Divine — must be perfect This perfect onion gives, of 
necessity, also fullness of spiritual energy. 

Now, I wish to show that, although the Christ as thus 
defined must be human — yes, even more intensely hu- 
mai; than any one of os — yet by the law of evolution we 
onght to expect him to differ from us in an inconceivable 
d^p?ee, and especially in a superhuman way. This I do 
by a series of illustrations. 

We have said that the Christ is the ideal and therefore 
th^ Divine man — that he is the goal and completion of 
humanity. But in evolution a goal is not only a com- 
pletion of one stage, but also the beginning of another 
and higher stage — on a higher plane of life with new and 
higher capacities and powers unimaginaiU from any 
lower plane. Let me illustrate : 

1. As man is the ideal — the goal and completion of 
animal evolution, and yet is he also a birth into a higher 
plane of life — the spiritual ; so the Christ, the ideal man, 
may be only the goal and completion of human evolution. 
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and yet is he also a birth into a new and higher plane — 
Ihe Divine. 

a. As the human spirit pre-existed in embryo in ani- 
mals, slowly developing through ^1 geological times, 
iiQtil it came to birth and immortality in man, so the 
Divine spirit is in embryo in man in various degrees of 
development, and comes to birth and completion of 
Divine life- in the Christ. 

3. As animals reached, finally, consaiiyaa relations with 
God in man, even so man reaches unioa with God in the 
Christ. As man, the ideal animal, is a anion of the 
animal with the spirttu^; so the Christ, the ideal of 
human evolution, is a union of the human and the 
Divine. 

4. Finally : As with the appearance of man there 
were introduced new powers and properties unimagina- 
ble from the animal point of view, and therefore from 
that point of view seemingly supernatural-— i. e,, above 
their nature— so with the appearance of the Christ we 
ought to expect new powers and properties unimaginable 
from the human point of view, and therefore to us seem- 
ingly supernatural — i. c, above our nature. 

The Christ as defined above — i. e., as the ideal ffinn— 
is undoubtedly a true object of rational worship. There 
are two and only two fundamental moral principles, viz., 
love to God and love to man. Both of these must be em- 
bodied in a rational worship. The one must be embodied 
in the worship of an Infinite Spirit — God ; the other in 
the worship of the ideal man — the Christ. 
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Bat Bome one will object that, admitting all this, it is 
impossible that the goal, the ideal, should appear until the 
end of the course of evolutioD. To him I answer ; Thia 
is indeed tme ol animal evolution, but not of human evo- 
lution. We have already seen (see p. 88 et seq.) that there 
is an essential difference in this regard between these two 
kinds of evolution. In addition to all the factors of or- 
ganic evolution, in human progress there is a new and 
higher factor added, which immediately takes precedence 
of all others. This factor is the conscious voluntary co- 
operation of the human spirit in the work of its own evO' 
lution. The method of this new factor consists essen- 
tially in the formation, and especially in the voluntary 
pursuit, of ideals. In organic evolution species are trans- 
formed by the environment. In human evolution dtar- 
acter is transformed by its own ideal. Organic evolution 
is by necessary law — human evolution is by voluntary 
effort, i. a, by free law. Organic evolution is pushed on- 
ward and upward from behind and below. Human evo- 
lution is drawn upward and forward from above and in 
front by the attractive force of ideals. Thus the ideal of 
organic evolution can not appear until the end ; whUe the 
attractive ideals of human evolution must come — whether 
only in the imagination or realized in the flesh — but must 
come somehow in the course. The most powerfully at- 
tractive ideal ever presented to the human mind, and, 
therefore, the most potent agent in the evolution of human 
character, is the CHirist, This ideal must come — whether 
in the imagination or in the flesh I say not, bat — must 
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come somehow in iha course and not at the end. At ths 
end the whole human race, drawn upward by thia ideal, 
must reach the fullness of the stature of the Christ. 

But it will be again objected that all ideals are relative 
and temporary ; that we are in fact drawn onward and up- 
ward by many successive ideals, one beyond another, in 
the course. Ideals are but mile-stones which we put suc- 
cessively behind us while we press on to another; they 
are successive rounds of an infinite ladder which we put 
successively beneath us while we rise higher. This one 
also we shall eventually put behind ns and pass on. 

To this I have two answers : Admitted that in many 
ways such is the course of progress ; but who has been . 
able to reach this ideal and conceive a higher? When this 
one is reached and completely realized in our personal 
character, it will be time enough to propose another. 

Again, it is true that in many ways we have advanced 
and are still advancing by the use of partial ideals ; but 
thia use of partial and relative ideals is itself in only a 
temporary stage of evolution. At a certain stage we catch 
glimpses of the absolute moral ideal. Then our gaze be- 
comes fixed, and we are thenceforward drawn upward for- 
ever. The human race has already reached a point when 
the absolute ideal of character is attractive. This Divine 
ideal can never i^ain be lost to humanity. 
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CHAPTER IX 

THE BELATION OF BTOLUTIOH' TO THE FBOBLEH OP BVIL. 

The problem of evil has tasked the power and baffled 
the skill of the greatest thinkers in ever; age. It would 
be folly in me to imagine that I can solve it. Its com- 
plet« Bolntion is probably impossible in the present state 
of science. Yet I can not doabt that on this, as on every 
important questiou relating to man, the theory of CToln- 
tion will throw new and important light. All I can hope 
to do is to throw out some brief suggestions on the sub- 
ject. 

If evolution be trae, and especially if man be indeed 
a product of evolution, then what we call evil is not a 
unique phenomenon confined to man, and the resnlt of 
an accident, but must be a great fact pervading all na- 
ture, and a p^ of its very constitution. It must have 
existed in all time in different forms, and subject like 
all else to the law of evolntion. Let ns, then, trace rap- 
idly some of the stops of this evolution. 

1. External Physical Evil in the Animal Kingdom. 
— Aa already seen in previous chapters, the necessary 
condition of evolution of the organic kingdom is a strug- 
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ffle for life — a conflict on every side, with a aeemingly 
inimical environment and a survival of only the strong. 
est, the swiftest, or the most onnning — in a word, the 
fittest. Now, snppoae the oonrse of organic evolation 
finished in the introduction of man, and from this vant- 
age-gronnd we look back over the oonrse and consider 
its resnlt. Shall we call that evil which was the neces- 
sary condition of the progressive elevation which col- 
minated so gloriously ? Evil douhtless it seemed to the 
individual, straggling animal, bnt is this worthy to be 
weighed in comparison with the evolution of the whole 
organic kingdom until it culminated in man ? Is it not 
rather a good in disguise ? I suppose hnman arrogance 
may be willing enough to admit it in this case, where 
animals only are sufferers. 

3. Physicai Evil in Relation to Man. — But organic 
evolution, completed in man, was immediately trans- 
ferred to a higher plane, and continued as social evolu- 
tion ; material evolution is transformed into psychical 
evolution ; unconscions evolation, according to neces- 
sary law, to conscious voluntary progress toward a rec- 
ognized goal, and according to a. freer law. But in this 
transformation the fundamental conditions of evolution 
do not change. Man also is surrounded on every side 
with what at first seems to him an evil environment, 
against which he must ever struggle or perish. Heat 
and cold, tempest and flood, volcanoes and earthquakes, 
savage beasts and still more savage men. What is the 
remedy — the only conceivable remedy ? Knowledge of 
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the laws of Natnre, and thereby acqniBition of power 
over Nature. But inoreuing knowledge and power ate 
eqaivalent to progressive elevation in the scale of psychi- 
cal being. This conflict with what seema an evil en- 
vironment is, therefore, the neceeaary condition of snch 
elevation. It ia not too mnch to say that, without this 
condition, except for this necessity for straggle, man 
could never have emerged ont of animality into hnman- 
itj, or, having thns emerged, wonld never have risen 
above the loweat possible st^e. N^ow suppose, agun, 
this ideal to have been attained— enppose knowledge of 
physical laws and power over physical forces to be com- 
plete — suppose physical natnre completely snbdned, put 
beneath our feet, and subject to onr will, and, from the 
high intellectual position thus attained, we look back 
over the whole ground and consider the result. Shall 
that be called evil which was obviously the necessary 
condition for attaining onr then elevated position ? 
Evil it doubtless seemed to the individuals who fell, 
and still seems to us who now suffer, by the way in 
the conflict ; but is physical discomfort or even physical 
death of the individual to be weighed in comparison 
with the psychical elevation of the individual, and espe- 
cially of the race ? Evidently, then, physical evil even 
in the case of man is only aeeminff evil, but real good. 
3. Orgdhic Evil — Disease. — But there is a more 
dreadful form of evil than that which results from ex- 
ternal physical nature — an evil far more subtle and diffi- 
cult to understand, and therefore to conquer. I mean 
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inUmal orgsnio evil — disease in its diTersified torms and 
with its attendant weakness and snfiering, inscnitable 
often io its causes, insidious in its approaches, conta- 
giooB, infectious, spreading from house to house, carry- 
ing safiering and death in its course, and leaving sorrow 
and desolation behind. Is there any remedy which can 
transmnte this evil into good ? There is. It is again 
knowledge^knowledge of the laws, and power over the 
forces, of organic tutture. Is it not evident that complete 
knowledge of the laws of health and the causes of dis- 
ease wonld put this evil also under our feet F Is it not 
evident that a perfect knowledge of the laws of health, 
and a perfect living according to these laws, would bo 
entirely subdue this evil that men would no longer die 
except by natural decay or by accident ? Is it not evi- 
dent, also, that the race will not attain this knowledge 
unless it be forced upon us by the necessity of avoiding 
the dread evil of disease P 

Kow suppose, again, this ideal attained, snppoee this 
dread evil subdued by complete knowledge, and again 
from our elevated intellectual position we look back over 
the ground. Shall we call that evil which was the ne- 
cessary condition of onr intellectual elevation F Evil, 
doubtless, it seems to ns individuals who have suffered 
and are still suffering through onr ignorance ; bnt is 
snch individual suffering or even individual death to 
be weighed against the psychical elevation of the in- 
dividual and evolution of the race F Ought not the 
individual to be willing to suffer thus much vicanons- 
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ly for the race ? Is not this seemiDg evil also a Teal 
good? 

Maj we not, then, confidently generalize P May ire 
not Bay that all physical evil is good in its general effect 
— that every law of Nature is beneficent in its general 
operation, and, if sometimes evil in its speciSo operation, 
is BO only through onr ignorance P Partly by surriTal of 
the fittest, and partly by intelligence, man, like other 
animals, brings himself in accord with the laws of Na- 
ture, and thuB appropriates the good and aToids the eTil, 
and Nature becomes beneficent only. But, also nnlike 
any other animal, mao by rational knowledge makes the 
laws of Nature his serrants, and uses them for his own 
purposes, thus increasing his power and elevating the 
plane of his life. 

4 Moral EvU — Bnt there is still another form of 
evil, the most dreadful of all. This one may be called 
the evil, in some sense, the only evil. It is that of which 
all other forms are bnt the shadows oast backward and 
downward along the course of eTolution and on lower 
stagra of existence. This oonenmmation of all eril is 
sin — moral disease — more dreadfully contagions and 
deadly than any organic disease. What shall we say 
now P Is there any rational explanation of this evil P 
Is there any possible reason or excuse for an all-wise, all- 
powerful Baler aflOicting man alone of all Hia creatures 
with this greatest of all evils P In all other casea, the 
individual and the race sacrifice tbemeelvea for a time 
physically for the sake of final spiritual elevation ; but 
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this ie spiritual debatement. In all other caaea, tbere is a 
Bacrifloe in the amrae in order to attain the gocU, bnt this 
is a missing of the goal itself. Is there any new which 
mitigates this evil, any philosophic alchemy which cnn 
transmute this evil into good ? Age after age the human 
mind has prostrated itself in helpless par^ysis beforo 
this problem. Most thinkers have been content to say, 
" Thou hast ordered it so. Thou art good. It most be 
right." But many, and among them some of the heat 
minds, hsTe said, " Either God is not all-good, or else 
not all-wise, or else not all-powerfnl, or else there is no 
God at alL" Does evolution shed any light on this 
dread problem ? I believe it does. 

We have said that all other evils are bnt shadows of 
this one, oast backward and downward on earlier stages 
of evolution and lower forms of existence. Bat from 
the evolution point of view these earlier and lower forms 
of evil are rather to be regarded as /f»-eshado wings of the 
reality to come. They are bat earlier and lower stages 
of the evolution of the same thing — embryonic condi- 
tions of the now full-grown evil. If so, then the same 
law must apply here also, though, as we shall see, with 
a difference. Here, also, the individnal as well as the 
raoe 6nd8 himself sarronnded by what seems an evil en- 
vironment, against which he mast stmggle. The spirit 
of man is inclosed and conditioned by a lower environ- 
ment, which he must subdue or perish. Here, then, is 
again a deadly coufliot : "a law in the members warring 
against the law of the spirit, and bringing it into oaptiT- 
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ity " ; a law of selflBm warring against the law of love, aad 
bringing it into subjection; Bolicitatione to debasemeDt 
on tho one hand, and solicitations to wrong others on the 
other. How shall it be overcome ? What is the reme- 
dy ? Again I answer, Knowledge of and conformity to 
the laws of the moral world. But, as in other cases, so 
in this : this knowledge of and conformity to law, which 
is the tme goal of hnmanity, will not be attained anlesa 
it is forced upon aa by necessity and in self-defense — 
i. e,, by eril. 

Now suppose, once more, this knowledge and con- 
formity be complete, and the ide^ of humanity be at- 
tained, and from this final and highest position we look 
back over the whole ground. Shall that be called eril 
which from the very nature of a moral being and the 
laws of evoIntioD was obvioasly the necessary condition 
of attaining the goal P Shall we not from this final posi- 
tion call it a good in disguise ? Evil, doubtless, it seems 
to us who suffer and stumble and mayhap fall by the 
way ; but shall the mishap of the indiyidual be weighed 
as an equivalent against the evolution of the race and the 
attainment of its goal ? 

Ah I there is the rub. It is all well enough to talk 
of sacrificing the physical individual to the race, but 
not so the spiritual. If we believe in the immortality of 
the human spirit, if we do indeed stand related to God 
in the manner explained in Chapter IV, then moral 
evil in the individual has an entirely peculiar and an 
eternal significance — then the individual human spirit 
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haa an inSnite •worth and can not be BacriSced to the 
race ; for the evolatioa of the nee itaelf is only in order 
to the perfecting of indiridual hnman soula. What 
shall we say now ? I answer : The eacriflce is not ne- 
cessary. There is in the realm of morals aione a way of 
escape — a saTing element which redeems the indlTidnal 
without violating the law. Let me explain. 

It will, I think, be admitted by all that innocence 
and virtue are two yery diSerent things. Innocence is 
a pre-eslablished, rirtae a aelf-eatabUshed, harmony of 
spiritual activitiea. The course of human derelopment, 
whether individual or racial, is from innoceace through 
more or less discord and conflict to virtue. And virtue 
completed, regarded as a condition, is holiness, aa an 
activity, is spiritual freedom. Not happiness nor inno- 
cence but virtue is the goal of humanity. Happiness 
will surely come in the train of virtue, but if we seek 
primarily happiness we miss both. Two things must be 
borne steadily in mind : virtue is the goal of humanity ; 
virtue can not be given, it must be self-acquired. 

Now we have already seen that in all evil the remedy, 
which not only cures it hut transmutes it into good, is 
knowledge of law and conformity of conduct thereto — 
a true science and a successful art — in a word, knowledge 
of the laws of God and obedience to these laws. In the 
physictl world ignorance of these laws is necessarily fatal, 
but not BO in the moral world. Ignorance here is not 
necessarily fatal though dangerons. By the very nature 
of a moral being, the essential thing is not knowledge but 
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character or virtue — the loiU to know and the effort to 
obey. In the physical realm, knowledge is the goal ; in 
the moral realm, knowledge is only in order to yirtae. 
Therefore, io the case of the individaal stmggling with 
moral evil within and without, the victory is always in 
hia power. If he faila, it ia hia own fanlt Hie utmost ef- 
fort in tbia field most be socceBsf nl,' becanse the result ia 
not external, bat internal and in the realm of moral 
freedom. The spirit of man ia self-acting and in aome 
sense, though not absolutely, aelf-eziBting, and can not be 
ruined except by ita own act. In the moral world, where 
the goal is not knowledge but character, attainment must 
be in proportion to honest endeavor in the right spirit. 

Evil, then, has its roots in the necessary law of ero- 
lation. It is a neceasary condition of all progress, and 
pre-eminently so of moral progresa. But some will ask, 
" Why could not man have been made a perfectly pure, 
innocent, happy being, anplagued by evil and incapable 
of sin F " I answer : The thing is impossible even to 
omnipotence, because it is a contradiction in terms. 
Such a being would also be incapable of virtue, would 
not be a moral being at all, would not in fact be man. 
We can not even conceive of a moral being without free- 
dom to choose. We can not even conceive of virtue 
withoat succeasful conflict with solicitations to de- 
bseement. Bat these solicitations are ao atrong and so 
often overcome us, that we are prone to regard the solici- 
tations themselves as esseutial evil instead of our weak 
surrender to them. 
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All evolntion, all progress, is from lower to higher 
plaoe. From a philosophic point of viev, things are not 
good aud evil, hot only higher and lower. All things are 
good in their tnie places, each under each, and all must 
work together tor the good of the ideal man. Each 
lower forms the hasia and underlying condition of the 
higher ; each higher moat siibordioate the lower to its 
own higher nses, or else it fails of its tnte end. The 
physical world forms the basis and condition of the or- 
ganic, yet the organism rises to a higher plane only by 
ceaseless conflict with and adaptation to the physical en- 
Tironment, which therefore seems in some sense evil. 
The organic world in its turn underlies and conditions 
and nourishes the rational moral world. Aa the senses 
are the necessary feeders of the intellect, so the appe- 
tites are the necessary feeders of the moral nature. 
Yea, even the lowest sensual appetites are the necessary- 
basis and nourishers of our highest moral sentiments. 
And yet the strng^le for mastery of the higher spiritual 
with the lower animal is often so severe that the Utter 
seoms to many as essential evil to be extirpated, instead 
of s osef al sersarti to be controlled. This view is asceti- 
cism. Now the whole view of evil usually held is a kind 
of asceticism, and therefore, like asceticism, must be only 
a transition phase of human thought. All that we call 
evil both in the material and the spiritual world is good, 
so long as we hold it in subjection as servants to the spirit, 
and only becomes evil when we succumb. All evil con- 
sists in the dominance of the lower over the higher; all 
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good in the r&tion&I use of the lower by the higher. 
Asceticism may, indeed, be tbe best philoaophy for some.'* 
If we can not enbdne the lower natnre, we mast try to 
extirpate it, and thns at any cost set free tbe higher from 
humiliating bondage. If we can not practice the higher 
virtue of temperance in all things, we rnoBt even try the 
lower virtue of total abstinence in some things. If our 
right eye offends, we must not hesitate to pluck it out ; 
bat let na not imagine that one eye is better than two 
— ^let na clearly understand that thereby our spiritual 
nature is sadly maimed, and therefore that the highest 
virtue, which ia spiritual beauty and strength, can not 
thus be attained. True virtue consists, not in tbe ex- 
tirpation of tbe lower, but in its subjection to the 
higher. The stronger the lower ia, the better, if onlt/ 
it be held in subjection. For the higher is nourished 
and strengthened by its connection with the more robust 
lower, and the lower is purified, refined, and glorified 
by its connection with the diviner higher, and by this 
mutual action the whole plane of being ia elevated. It 
is only by action and reaction of all parte of our com- 
plex nature that trm virtue is attained. 
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6. Th« Principles of Sociology, Vol. i. 1. The Data of Sod- 

(Joey. IL The Inductions of Sociology. III. The Domestic 
Kelations. > 

7. The Principles of Sociology, VoL a. IV. Ceremonial Insti- 

tutions. V. Political Institntions. 
e. The Principles of Sociology. VoL 3. VI. Ecclesiastical In- 
stitutions. VII, Professional Institntions. VIIL Industrial 

Institntions. 

9. The Prindpl«s of Ethics. VoL i. I. The Data of Ethics. 
IT. The Inductions of Ethics. III. The Ethics of Individual 
Life, 
la Tbe Principles of Ethics, VoL a. IV. The Ethics of Social 
Life : Justice, V The Ethics of Social Life: Negative Benefi- 
cence. VI. The Ethics of Social Life : Positive Beneficence. 

D. APPLETON AND COMPANY, NEW YORK. 
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HERBERT SPENCER'S WORKS. 

Essays : Scientific, Political, and Speculative. 

A New Edition, uniform with Mr. Spencer's other 
Works, including Seven New Essays. Three volumes, 
ismo. 1,460 pages, with full Subject Index of 34 pages. 
Cloth, |6.oo. 

These essajs are devoted to the entire range of subjects covered ig 
Mr. Spencer's nnmerous works, and embrace the social and political 
Ecience«, education, and many other pertinent topics of general interest 

DescriptiTe Sodologr. 

A Cyclopsdia of Social Facts. Representing the Con- 
stitution of Every Type and Grade of Human Society, Past 
and Present, Stationary and Progressive. Eight numbers, 
royal folio. 
No. I. ENGLISH *4 00 

II. MEXICANS, CENTRAL AMERICANS, CHIB- 

CHAS. AMD PERUVIANS 400 

III. LOWEST RACES, NEGRITO RACES, and 

MALAYO-POLYNESIAN RACES 400 

IV. AFRICAN RACES 400 

V. ASIATIC RACES 400 

VL AMERICAN RACES 400 

VII. HEBREWS AND PHCENICIANS 400 

VIII. FRENCH (Double Number) 7 00 

The Induction of Ethics. 

The Ethics of Individual Life, Parts II and III of The 
Principles of Ethics. One volume, ismo. Cloth, (1.25. 

Philosophy of Style. 

lamo. Flexible cloth, 50 cents. 

D. APPLETON AND COMPANY. NEW YORK. 
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SPENCER'S MISCELLANEOUS WORKS. 



Social Statics. 

New and revised edition, including " The Man vtriui Th« State." 
A seiies of essays on political tendencies, hecetofore published sep- 
arately. l3mo, 4SO pages. Cloth, $2.00. 

"Mi. SpcnECi hu ihorouihly tiudieil the iituci which an behind (he locul und 

ai incy pvrtain (o Ihv whol« of life, betler mted in IhcH pafia than h« can hnd (hem 
ejipreued anyvhefe elie. 1 1 11 in ihii leose thit (hii work is iinpDTtaA( and froh 
and riuIionE. It (oa comuiiOy w the [ouodation of ■hing>."'-£A<ni Htrald. 

Facts and Comments. 

Uniform edition, izmo. Cloth, $i.£0 net ; postage, I3 cents addi- 

From Ihe inalyiical brain af n phlloiapherof ihe eiea'neu o[ Hcrbcn SpencH— 
a grealneu (hat has extended Dvet bidtb than two genej^jions — the tubjectf treated 
in thia, hit lait volume^ as&ume a commandinE imponance. Such topaci as '^ A(neri- 
cuiiin>,""PnBaicea[^Mind," "The Corruption of Mu»c." "The Origla and Dfr- 



Various Fragments. 

I2mo. Cloth, $1.15- 

Along »ith a coniidenbie Tsiiecr 
neni of Mr^pencf"'^ controversial . 



.._ ._._.. , .. s^gJi5,^i;i^. 

Education : Intellectual, Moral, and Physical. 

iBmo. Cloth, Ji.as ; paper, 50 cents. 

CoHTENTS.— What Knowledee It of most Worth) Is(ellecnial Eddcadan. Hon) 
Education. Phydci] EductiKon. 

The Study of Sociology. 

fThe (ifth volome in the Iniemalional Scientific Series.) izmo. 

Cloth, $1.50. 

CoNTBiTTS.— Our Need of il. Ii there ■ Social Science? Nature of the Social 
Science. DiAiculIietoflheSacblScience. Ohjeciive Difficulties. Subjecilre Diffi- 
culliei. Inlclleciual. Subjective Difliculiies. Emotional. The Educational Blai. 
The Bill of Patriotism. The Clasi Blai. The Pnlitical Bias. The Theolopcal 
Biaa. Discipline. Prsparation in Biology. Prepararian in Piychologiy. Conclusion. 

D. APPLETON AND COMPANY, NEW YORK. 
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THE PERENNIAL OONFUCT. 
The Warfare of Science with Theology. 

A History of the Warfare of Science with Theology in 
Christendom. By Andrew Dickson White, LL.D, (Yale), 
L. H. D. (CoL), Ph. D. (Jena), late President and Professor 
of History at ComellUniversity. avols. 8vo. Clotli,$5.oo. 

jnpaitial ia tone and ezhaustiTe in treal- 

" The most valuable contribution that has yet been made to the 
histoiy of the conflict! between the theologists and the sdentista." — 
Suffalt Commtreial, 

" A work which constitutes in man; waj^ the most instractive review 
that has ever been written of the evolution of human knowledge in its 
confiict with dc^^alic belief." — Bosten Biaton. 

" The same liberal spirit that marked bis pnblic life ia seen in the 
pages of his book, giving it a zest and interest that can not fail to secure 
for it heartj commendation and honest praise." — Philaddlphia Publk 

" Such an honest and thorough treatment of the subject in all its 
bearings that it will carry weight and be accepted as an anthoritj- 
in tracing the process bj which the scientific method haa come to I>e 
tnpreme in modem thought and life." — Betten Herald. 

" The story of the struggle of searchers after tmth with the organ* 
iied forces of ignorance, bigotry, and superstition is the most inspiring 
chiLpter in the whole history of mankind. That story has never been 
better told than by the en-President of Cornell University in these two 
Tolnmes." — Lenden Daily ChrenicU. 

"It is graphic. lucid, even-tempered — never bitter nor vindictive. 
No student of human progress should &it to read these volumes. 
While they have about tbem the fascination of a well-told tale, they 
are also crowded with the facts of history that have bad a tremendons 
bearing npon the development of the race." — Brookfyn Eagle. 

D. APPLETON AND COMPANY, NEW YORK. 
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ET G. FREDERia WSIGET^ D J)^ LLJ>„ F.G.SJU 

The Scientific Aspects of Christian Evidences. 

Illustrated, izrno. Cloth, $1.50. 

TbEs volume contains tbe ripest fnilc of the author's varied studies alone 



The Ice Ag^e in North America, and Its Bearing^s 
upon the Antiquity of Man. 
With an Appendix on " The Probable Cause of GUci- 
ation," by Warren Upham, F.G.S.A., Assistant on the 
Geological Surveys of New Hampshire, Minnesota, and the 
United States. With 147 Maps and Illustrations, i vol. 
8vo. 640 pages. Cloth, $5.00. 

The numerous mapa atxoiupanyin^ the text have been complied from the 
btest data. The itlustrations arc more ample than have ever before been ap- 
plied to the subject, being; mostly reprodui:tians of pbott^rap^s taken by vari- 
ous men^iers of the Uaiud Stales GeoiOKJcal Survejr in the course of Che past 
tcfi yean, many of them by the author himself. 

Man and the Glacial Period. 

International Scientific Series. With numerous lUustra- 
tions. i2ino. Cloth, $1.75. 

"The earilet chapters, describing glacial action, and the traces ot It in 
North America — especially the defining of its limits, such as tbe terminal 
moraine of the great movement itself — are of great interest and value. The 
m^is and diagrams are of much assistance in enabling the reader to grasp the 
T»st eitent ot the movement." — Lmdon Sftetaior. 

Greenland IceBelds, and Life in the North Atlantic 
With a New Discussion of the Causes of the Ice Age. 
By G. Frederick Wright and Warren Upham, A.M., 
F.G.S.A., late of the Geological Surveys of New Hamp- 
shire, Minnesota, and the United States. With numerous 
Maps and Illustrations. 350 pages. Cloth, $3.00. 

This woilc alms to give within moderate limits a comprehensive view o( 
the scenery, the gladal phenomena, the natural history, the people, and the 
erplorations of Greenland. The photographs, some sixty in number, are all 
original, and the maps have been prepued to show the latest state of knowl- 
edge concerning Che region. Tbe work is of both popular and sdentlGc interest. 

D. APPLETON AND COMPANY. NEW YORK. 
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BOCMCS BY PROFESSOR GROOS. 
The Play of Man. 

By Kasi. Groos, Professor of Philosophy in the Uni- 
versity of Basel. Translated, with the author's codpera> 
tion, by Elizabeth L. Baldwin, and edited, with a Preface 
and Appendix, by Prof. J, Mark Baldwin, of Princeton 
University. lamo. Cloth, $1.50 net; postage, 12 cents 
additional. 

" A book for parents to read and ponder over with care and mental 
diligence." — Ckicagt Tribune. 

" Not alone doe« the woik make an appeal to the strictly sdentific 
The general reader will find in it absorbingly interesting facts, pK. 
sented in a way which may prove of practical use." — Bettoii AdverAser. 

"A »ery valuable book. The results of Professor Gioos's original 
and acute investigations will be especiaUy appreciated by those who are 
interested in psychology and sociolt^, and they are of great impor- 
tance lo educacois." — Breekfyn Standard Union. 

The Play of Animals. 

By Karl Groos. Translated, with the author's co- 
Speration, by Elizabeth L. Baldwin, and edited, with a 
Preface and Appendix, by Prof. J. Mark Baldwin, of 
Princeton University, iimo. Cloth, $1.75. 

" A work of exceptional interest to the student."— Sua FraneUce 
Ar^onaul. 

" His work is intensely intereiting. Both nature and books have 
been ransacked for materials, and the selection shows a trained iatelli- 
genc-: of the highest order in observation and acnmen." — Tht Jnde- 

D. APPLETON AND COMPANY. NEW YORK, 
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NOTABLE WORKS IN PHILOSOPHY, 

A History of Philosophy in Epitome. 

By Albert Schwegler. Translated from the first 
edition of the original GermaD by Julius H. Seelye. 
Revised from the ninth German edition, containing Im- 
portant Additions and Modifications, with an Appendix, 
continuing the History in its more Prominent Lines of 
Development since the Time of Hegel, by Benjamin T. 
Smith. lamo. Cloth, $z.oo. 

" Scbvegler's ' History of Philosophy' is found in the bandi of alnUMt 
every student in the philosophlcaJ department of a German university, and Is 
highly esteemed for its cieamess. condseaeis, and comprehensiveness. The 
. present translation waa undertalien with the conviction that the worlt would 
not lose its inCeiest or its value in an English dress, and with the hope that 
it migfht be of wider service in such a form to students of philosophy here." 
^From the Preface. 

Biographical History of Philosophy, from its 
Origin in Greece down to the Present Day. 

By George Henry Lewes. Library Edition, much 
enlarged and thoroughly revised. 8vo. Cloth, $3.50. 

"Philosophy was the great initiator of science. It rescued the nobler 
part of man from the dominion of brutish apathy and helpless ignorance, 
nourished bis mind with mighty impulses, exercised it in magnificent efforts, 
gave him the unslaited, unslaVahle thirst for knowledge which has ditn^ified 
his life, and enabled him to multiply tenfold his existence and hb happiness. 
Having done this, its part is played. Our interest in it now is purely his- 
torical. The purport of this history is to show how and why the interest in 
philosophy has become purely historical." — Frotit the Introdvction, 

Introduction to the Study of Philosophy. 

By William T. Harris, LL. D., United States Com- 
missioner of Education. Compiled and arranged by 
Marietta Kies. lamo. Cloth, $1.50. 

" Philosophy as presented by Dr. Harris gives to the Etudeat an interpre- 
tation and explanation of the pliases of existence which render even the 
ordinary affairs of life in accordance with reason ; and Tor the higher or 
spiritual phases of life his interpretations have Che power of a great illumi- 
nation."— ^n™ Iht CompiUr'i Prtfaci. 

D. APPLETON AND COMPANY, NEW YORK. 
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CONTEMPORARY THEOLOGY. 

History of the Conflict between Relig^ion 
and Science. 

By Dr. John William Draper, izmo. Cloth, $1.75. 

vetoped in thehiHIory of modern science. No prev loin writer has licatoi the BubjecC * ^ 

from this pomr oi view, and (he_pracfii mono^ph will be found to ppuest no lesm J 

A Critical History of Free Thought in 
Reference to the Christian Religion. 

By Rev. Canon Adah Store* Farrar, D, D., F, R. S., 
etc. lamo. Cloth, $1.50. 

" A conflict ml^t naiunilly be aniicipated between the Tramdag facuUiet of nua 
ibe moral"— Tin Anther. 

The Claims of Christianity. 

By William Samuel Lilly, Honorary Fellow of Peter- 
house, Cambridge ; author of " The Great Enigma," etc. 
8vo. Cloih, $3.50. 

" A booli which h» divided atiendaii with Benjainin Kidd'i 'Social EYoIuiion.' 
cmti'boilda IhVchratian »hlch"liiiin"niv'ereii]i.y-Buddhi.in and IslTm-^nd 
R™i^ii« a^ the Rrf^mation?!^ in lh?»'?ew t^!"-JW^yS A "n" 

Why We Believe the Bible. 

An Hour's Reading for Busy People. By J. P. T. 
Incraham, S. T. D. i6mo. Cloth, 60 cents. 

■■ Our author ii practical ; he don not tal 
book thai patioH and leachen will find of « 

D, APPLETON AND COMPANY, NEW YORK, 



U.t,nra.t>, Google 



UigniaOb, Google 



UigniaOb, Google 



